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The thesis reports the first examples of Reissert compounds prepared 
from the benzimidazole ring system; the first examples of 
monocyclic five-membered ring Reissert compounds; and an 
exploration of the chemistry of these compounds. The key procedure 
for their formation utilizes trimethylsilyl cyanide in a single-
phase non-aqueous medium. Previous attempts to synthesize five-
membered ring Reissert compounds have failed because, under the 
conventional two-phase conditions, the reaction either does not 
proceed or ring opening of the heterocycle occurs. 
The reactions of benzimidazole with an acid chloride· (aliphatic, 
aromatic or chloroformate), trimethylsilyl cyanide and a Lewis acid 
catalyst in dichloromethane has been shown to give rise to 1,3-bis-
acyl-2-cyano-2,3-dihydrobenzimidazoles in yields of 69-90%. Eight 
such novel Reissert compounds have been prepared and have been shown 
to be versatile in the modification of the heterocyclic ring system. 
Analogous reactions with !:!-alkylbenzimidazoles did not give Reissert 
compounds: use of aroyl chlorides gave only aroyl cyanides; use of 
ch1oroformates unexpectedly provided a new direct route to 2-cyano-
benzimidazoles. 
Reissert compound conjugate base generation using lithium diiso-
propylamide in tetrahydrofuran at -78°C followed by intermolecular 
alkylation and base hydrolysis provided a range of 2-alkylbenzi-
rnidazoles. The hydrolysis step was performed at room temperature as 
reflux conditions led to ring opening. Inclusion of carbon 
disulphide as the electrophile gave di thioesters. 
Intramolecular cyclisation of the conjugate base of 1,3-bis-(4-
chlorobutanoyl)-2-cysno-2,3-dihytlrobenzimidazole gave a new synthe-
sis of the novel pyrido[1,2-~]benzimidazole system. Similar appli-
cation to the analogue, 1,3-bis-(2-chlorornethylbenzoyl)-2-cyano-2,3-
dihydrobenzimidazole gave the tetracyclic benzimidazo[1,2-~] 
isaquinoline ring system. Other derivatives of these ring systems 
have found pharmacological uses as analgesics and also as 
photographic sensitizing agents. 
A useful retro-Reissert procedure was developed using acid 
oonditions. The method employed benzoic or hexanoic acid and can be 
applied to substituted chloroformate derived Reissert oompounds to 
give the oorresponding substituted aromatized heterocycle. 
Preliminary investigations were also made using lithium iodide and 
trimethylsilyl iodide in the dealkoxycarbonylation of the 
chloroformate derived Reissert compounds giving the aromatized 
heterocycles in modest to good yields. 
Oxidative cleavage reactions utilizing phosphorus pentachloride were 
studied with benzimidazole and a range of six-membered ring Reissert 
oompounds, giving rise to the oorresponding 2-cyano heterocycles. 
A 1,2-rearrangement occurred when the benzimidazole Reissert 
oompound conjugate base was left at room temperature in the absence 
of any added electrophile, placing an ester or ketone functionality 
at the 2-position, with concomitant lre-aromatization of the 
heterocycle. 
The monocyclic heterocycles were ·studied, viz imidazole and 1,3,4-
thiadazole. It was observed that both systems could be converted 
into Reissert compounds in good to excellent yields, in marked 
contrast to the six-membered monocycle, pyridine. 
For the imidazole series, generation of the Reissert compound 
conjugate base could be effected using lithium diisopropylamide in 
tetrahydrofuran. For the thiadiazole series, the milder base, sodium 
hydride in dimethylformamide was satisfactory. 
The anions were utilized to effect a variety of synthetic schemes 
analogous to tlx>se developed for the benzimidazole series, providing 
new routes for example to the 2-substituted heterocycles and to 
bicyclic and tricyclic ring systems, and 1,2-rearrangement 
processes. 
Reissert compound formation from 2-phenyl-1,3,4-oxadiazole under the 
single non-aqueous phase and solid-liquid phase =nditions could rot 
be effected, regeneration of the starting material =ing. 
The use of solid-liquid phase transfer catalysis was found to 
provide a new procedure for Reissert compound formation from both 
five- and six-membered ring heterocycles. The method thus avoids the 
use of aqueous =nditions. Irorganic cyanide was transferred into 
solution by the catalytic presence of tetrabutylammonium bromide 
(TBAB) or tris[2-(2-methoxyethoxy)ethyl] amine ('IDA-1) to give the 
Reissert compounds in good yields, comparable in most cases to tlx>se 
of the single-phase procedure using trimethylsilyl cyanide. 
The use of ultrasound to promote a solid/liquid transfer reaction 
was also examined with and witlx>ut the presence of a phase transfer 
catalyst. It was found that, with the exception of benzothiazole, 
application of u1 trasound alone gave rise to the Reissert compounds 
in good yields, providing a further useful procedure for the 
preparation of these compounds. 
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1. ~ 
The study of Reissert compound chemistry has received extensive 
reviews1•2•3•4 •1mct has provided an important much used methodology 
for the modification of isoquinoline ad related benzo-fused six-
membered ring heterocycles. A particular application of the 
procedure has been in the synthesis of isoquinoline alkaloids and 
related products of potential biological activity• 4 
Al trough Reissert methodology has found wide application with benzo-
fused six-membered aromatic nitrogen heterocycles, the large and 
important area of five-membered ring nitrogen heterocycles was not 
available for similar exploitation because the conventional approach 
to Reissert compound formation failed with such systems, ring 
opening reactions =ing instead. 
In the summer of 1984, just prior to the outset of this project, it 
had been discovered at Loughborough that Reissert compounds could be 
formed from benzothiazole (1) in high yields using trimethylsilyl 
cyanide and an acid chloride, with Lewis acid catalysis. For 
example, N-4-chlorobenzoyl-2-cyano-2,3-dihydrobenzothiazole (2) was 
given in 85% yield (Scheme 1). In a parallel and collaborative 
study, F.D. Poppet al. of the University of Missouri-Kansas City, 
USA, showed that Reissert compounds could be made from benzoxazole 
by the same approach. The preliminary findings of the two groups 
were published in a joint communication in September 1984.6 
Scheme 1 
~N') 
~5 
( 1 ) 
4-ClC6H4COCl,Me3SiCN 
AlC1 3 ,cH2cl2 
1 
(2) 
It was clearly of importance to discover if the new method could be 
applied to other five-membered heterocycl,es, and if so, to what 
extent the Reissert compounds formed could be used to develop the 
chemistry of the ring systems. The closest analogue of benzothiazole 
and benzoxazole is benzimidazole and our studies were initially 
focussed on this ring system. This Introduction therefore reviews 
studies with Reissert compounds and aspects of benzimidazole and 
also imidazole chemistry. 
In 1905, Arnold Reissert, when studying the benzoylation of amines, 
reacted quinoline ( 3) and benzoyl chloride in the presence of 
aqueous potassium cyanide. 7 A crystalline product was isolated, 1-
benzoyl-2-cyano-1,2-dihydroquinoline (4), and isoquinoline (5) 
similarly gave 2-benzoyl-l-cyano-1,2-dihydroisoqullioline (6,R=Ph)7 
(Scheme 2). 
Scheme 2 
~ ~Ggc2, 
PhCOCl 
Ph ~ / ~ t<.- "Cl 
(3) 
~~~ "CN 
CO Ph 
RCOCl 
(5) 
~ ~-COR 
H CN 
(6) 
As can be seen, the method allows the functionalization of the C=N 
double bond of the heterocycles. 
It was not until the 1960s8,9 that the synthesis of Reissert 
compounds became a more general reaction, when it was found that it 
2 
could be perfonned under the two-phase conditions of dichloromethane 
and water, rather than the single-aqueous phase system, which was 
generally unsatisfactory for organic reactions (Scheme 3). 
Scheme 3 
K:CX::l, KCN ~ ~~-COR 
H CN 
(5) (6) 
Tile characteristic features of Reissert compounds are {a) a tertiary 
amide group in which the nitrogen is part of a heterocyclic ring, 
and {b) the presence of a hydrogen atom and a cyano group bonded to 
a ring carbon adjacent to tl)e ring nitrogen. 
/ 
.. ~-- .. 
' 
' 
• 
Having said this, there are a few examples of open chain Reissert 
analogues. 50 Furthermore, use of chlorofonnates, Clc:D:2R in place of 
acyl chlorides, gives the carbamate grouping >NC02R, rather than 
amide >NCOR. Such derivatives are sometimes termed Reissert 
analogues in the literature, rather than Reissert compounds, 
although we shall use the latter tenn in this theais. 
3 
2. PROGRESSIVE DEVELOPMENTS IN THE PREPARATION OF REISSERT 
<Xl'1POONDS 
2.1 Preparaticn in Mixed Sol.vents 
-: .. -
The advantage of the two-phase procedure for Reissert compound 
synthesis CNer the original single aqueous phase method was that a 
soluble medium was provided for both inorganic and organic reactants 
and products. This was subsequently enhanced by the use of a phase 
transfer catalyst e.g. benzyltrimethylamrnonium chloride (BTMAC) in 
the two-phase medium, which facilitated the transfer of cyanide ions 
from the aqueous phase to the organic phase,lO,ll improving the 
yield of the Reissert compound obtained (Scheme 4). 
Schane 4 
RXCl, KCN ~ ~~-COR 
H CN 
(5) (6) 
The role of the phase transfer catalyst can be illustrated as 
folloos: 
l\queous phase [A+X-] + B- ;::=: [A+B-] + x-
H 
Organic phase [A+x-J + QB ~ [A+B-] + Q+x-
The use of the two-phase medium, although extending the range of 
heterocycles and reagents used in the preparation of Reissert 
compounds, still suffers from certain drawbacks. The first is the 
fact that aliphatic acid chlorides and reactive aroyl chlorides e.g. 
nitrobenzoyl chloride, react rapidly with water, and so a large 
excess (2 mole) has normally to be used.8 The second, is the 
possibility of a competing reaction occu=ing in the presence of 
4 
water, resulting in the formation of anN-acyl pseuoo-base such as 
(9), in addition to, or instead of, the desired Reissert compound 
(8).12 An example is observed when using 5-nitroisoquinoline (7), 
shown in Scheme 5, compound (9) being given in 90% yield and the 
normal Reissert rompound (8) in only 1%.13 
Scheme 5 
(7) 
PhCOCl, KCN 
' ca2c12, a20 
::;.-.____xf-) 
~c~:: -o"[0Q-coPh ~~ H OH 
(8) 1% (9) 90% 
The formation of the N-acyl pseudo-base (9) may be due to ~~e 
presence of the electron withdrawing nitre group at position-5, 
making tile C-1 centre more e1ectrophilic, increasing its hardness, 
and so promoting attack by the harder base -OH at the C-1 centre in 
preference to the softer base -rn.14 
Further examples of N-acyl pseudo-base formation, under two-phase 
conditions, have been observed with certain other six-membered ring 
systems, for example, quinazoline (10), which leads to ring opening 
(Scheme 6).15 
(10) 
N-forny'lbenzamide 
5 
N-COPh OCH OH J.H ~ oti 1 COPh 
H OH ©C~COPh CHO NH 
I 
CO Ph 
(10a) 
N-Acyl pseudo-base for:mation has been observed with certain five-
membered ring heterocycles including benzimidazole, which will be 
discussed later. 
2.2 Preparaticn in lb:l-1\queous M:ldi.a 
In order to avoid the hydrolyis problems, the use of non-aqueous 
solvents has been examined. Woodward16 unsuccessfully utilized 
acetonitrile, benzonitrile, ether, dioxan and chloroform in the 
attempted formation of Reissert compounds. The use of anhydrous 
benzene with HCN, 17 did give rise to Reissert compounds in good 
yields, but suffers obvious drawbacks in the handling of HO!. 
In 1977, Ruchirawat et a1.18 studied the application of the Reissert 
--
approach to isoquinoline (5), using trimethylsilyl cyanide as a 
source of cyanide in anhydrous dichloromethane, and obtained good 
yields of the Reissert =mpound (6) (Scheme 7). 
Scheme 7 
~ 
~-COR 
H CN 
(5) (6) (86-89%) 
The use of a catalytic amount of aluminium chloride was found to 
increase the yield of the desired product18,19,20 in this procedure. 
This method, therefore, provided a new route to Reissert compounas, 
avoiding the two-phase conditions previously employed, which had 
been found unfavourable in five and certain six-membered ring 
systems. As mentioned earlier, . this thesis reports examination of 
the use of this method to exploit access to Reissert compounds of 
heterocycles previously thought unsuitable for such studies. 
6 
3. SOME REACTIONS OF REISSERT CX>MPOUNDS FROM ISOQUINOLINE AND 
(.Y.IIDLINE 
3.1 Acid-catalysed Rea.ct:icxJs 
Originally, one of the most synthetically utilized reactions of 
Reissert compounds was the acid-catalysed conversion of acid 
chlorides to the corresponding aldehyde. 21 
Treatment of 1-benzoyl-2-cyano-1,2-dihydroqu:inoline (4) with hydro-
chloric acid resulted in the quantitative formation of benzaldehyde 
(12), together with quinoline-2-carboxylic acid (13) and quinoline-
2-carboxamide (14)21 (Scheme 8). 
Scheme 8 
~~H ~N)<CN 
I 
HCl 
CO Ph 
( 4) (13) ( 14) 
Similarly, this was achieved with the isoquinoline Reissert analogue 
(6) to give the corresponding products. 
The preparation of aldehydes from acid chlorides can also be 
effected by the Rosenmund reduction (Pd, Baso4 ), or by use of 
lithium tri-!-butoxyaluminium hydride, LiAlH (0-t-Bu)3 , in diglyme 
at -78°c.22 
The likely mechanism in Scheme 9 is based on previous studies by 
McEwen and Cobb5 and Cook et al. 23 
--
7 
PhCHO 
( 12) 
Scheme 9 
H 
+ H ro N CN 
I 
(4) 
9'0 
R 
(15b) 
~ HO+ ~N~CONH2--3-.... 
(14) 
+ RCfiO 
Protonation of the cyano 
(12) 
nitrogen followed by intramolecular 
cyclisation leads to (15a), which is in tautomeric equilibrium with 
(15b) and (15c). The predominant tautomer is the aminooxazolium 
structure, (15b).23 Addition of water and ring opening generates 
the aldehyde (12) and amide (14). The amide is further hydrolysed to 
the acid (13). 
3.2 Base-Catalysed React:i.als 
The base-catalysed reactions of Reissert oompounds have sezved to 
provide an increasingly active area of interest in providing new 
routes to novel and existing ring systems by modification of the 
parent heterocycle. 
Treatment of a Reissert oompound with potassium hydroxide in aqueous 
etharx>l resu1 ts in reformation of the starting heterocycle (Scheme 
10). 
8 
( 15a) 
Scheme 10 
KOH 
Aq. EtOH 
(6) (5) 
Treatlnent of (6) under n:m-hydrolytic conditions with a base such as 
sodium hydrid~ .· , 24 potassium t-butoxide25 or phenyllithium26 
results in deprotonation at C-l to produce the conjugate base (18), 
deep red in colour (Scheme 11). 
Scheme 11 
NaH, DMF W n )!' -C-R CN 
(6) ( 18) 
The apparent ease of deprotonation of Reissert compounds is a 
reflection of the stability of the conjugate base. Thus for ( 18), 
the benzylic carbanion is stabilized by charge delocalisation with 
the cyano group and with the carbocyclic ring, and by inductive 
electron withdrawal by the amide group. 
Once formed, Reissert anions can be used in a variety of synthetic 
schemes, involving substitution, addition or rearrangement 
processes. 
Substitution reactions with alkyl halides have provided a useful 
method for synthesizing 1-alkylisoquinolines (20) and by allylic 
substitution 4-alkylquinolines.25•26•27 Reissert compounds of the 
latter can similarly be further alkylated at C-2, to give, for 
. ( ) 27 example, 2,4-dimethylquin::>lme (21) Scheme 12 • 
9 
Scheme 12 
00 0 • N-C-Ph 00. KOH 00' 1.BASE 9 Aq.EtOH) " I 2.R-X -C-Ph / CN 
( 18a) 
Me I 
(R=Ph, EtO) 
R CN R 
(19) (20) 
Me ~l,KCN Me 
CH2C12 ,H2o©0'-
N ....... I / 
~ .H N 
COR KOH,aq.EtOH 
1 i) NaH,DMF ii) Mei iii) KOH,aq.EtOH 
Me 
Me 
(21) 
A major application of ttd.s ~116 of base-catalysed reaction has been 
in the syntheses of isoquioc>line alkaloids, of which papaverine (22) 
is one (Scheme 13).4,28 
Scheme 13 
Meor2Q, MeO Q . NaH 
....... I N-C-Ph~ 
MeO MeO 
. ~- CN 
CH2~1 Gt .. 
OMe 
OMe OMe 
(22) 
OMe 
Reissert anions have been shown to react with appropriate 
unsaturated electrophiles to give Michael-type addition 
products.25,29,30 For example, addition of the carbanion of (23) to 
10 
acrylonitrile results in the formation of 3-(4-methoxyphenyl) 
pyrrolo[2,1-~]isoquinoline-2-carboxamide (24) in 90% yield (Scheme 
14). 25 
Scheme 14 
~O~ t-BuOK 
~~-C \::jvMe PMSO 
NC H 
) 
(23) 
1 
(24) 
Compound (24) shows mild antihypertensive activity31 as do some 
other derivatives of pyrrolo[2,1-~]isoquinolines32 and some related 
tricyclic systems. 33 
Suitably substituted Reissert compounds have been srown to undergo 
intramolecular alkylation upon treatment with strong base. For 
example, Tyrell and McEwen34 have synthesized 2,3-dimethoxy-
5,6,13,14-didehydro-8-oxoberl>ine (26) in 74% yield, bY treating the 
~-chloromethylbenzoyl Reissert compound (25) with lithium diiso-
propylamide in hexane (Scheme 15). 
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Scheme 15 
MeOQ.Q' t;?fj 
,I -c'' MeO -
NC H 
Cl 
(25) l 
MeOW' 9 
Meo ' 1 . -tr.\ 
NC -~ 
Cl 
LDA 
hexane 
MeoOO, 
' J N 
MeO ~0 
..... , 
(26) 1 ....... 
MeO 
M eO 
The procedure has recently been applied to the dihydro-Reissert 
compounds (27) by Ruchirawat et al.3S using sodium hydride in DMF to 
give compounds (28) in 84-92% yield (Scheme 16). 
Scheme 16 
R~Qp ~-c ;_, 
NC H 
NaH R 
DMF R 
Cl 
(27, R=MeO,H) 
(28, R=MeO,H) 
4. REISSERT COMPOUNDS DERIVED FROM HETEROCYCLES OTHER THAN 
~AND CPlN)LINE: 
In the strict sense, the term "Reissert compound" refers only to 
those species derived from quinoline or isoquinoline, and an acyl 
chloride and cyanide source. The term, however, has now been 
generally applied to include species derived from a variety of 
heterocyclic bases and of acid chlorides i.e. aliphatic, aromatic 
and chloroformates. 
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4.1 Reissert Q;up:lunds £ran scme Diazahet::erocycles 
A particular active field of research has been the study of Reissert 
ccmp:runds derived from diazaheterocycles, particularly phthalazine, 
and, very recently quinazoline. A review of work to 1980 has 
appeared. 3 
4.1.1 Frcm Phthalazine 
Treatment of phthalazine (29) with an acid chloride and potassium 
cyanide in a two-phase system, in the presence of a phase transfer 
catalyst, yields the phthalazine Reissert compound (30) (Scheme 17) 
in improved yield aver the analogous reaction in the absence of the 
catalyst,lO,ll and avoids interference from N-acyl pseudo-base 
fonnation. 10 -
Scheme 17 
OCN NI / 
(29) 
PhCOCl, KCN __ _,. OCN I 9. N-C-Ph NC H 
(30) 
The Reissert compound can also be efficiently prepared using 
trimethylsilyl cyanide under single-phase, non-aqueous 
conditions.36,37 
Nucleophilic substitution and addition reactions have been reported 
for the conjugate base of phthalazine Reissert compounds. 3 A very 
recent example is part of an annelation procedure giving the novel 
irnidazo[5,1-2_]phthalazine system.27 Treatment of the chloroforrnate 
derived Reissert compound (31) with sodium hydride followed by 
phenyl isothiocyanate gave the anilinothiocarbonyl addition product 
(32). Heating (32) over molecular sieves in toluene removed a 
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molecule of methaocll to give as the main product the imidazo[5,1-~] 
phthalazine derivative (33) (Scheme 18). 
Scheme 18 
(31) 
(33) 
NaH, DMF 
Molecular 
s1eves 
toluene 
Ph-N:C•S 
(32) 
Treatment of (34) with an aromatic aldehyde has provided the 
synthesis of a novel oxazolo[4,3-~]phthalazine system (35) (Scheme 
19) in low yield. 38 
Scheme 19 
14 
1-aryl-3.!!_-oxazolo(4,3-~]­
phthalazin-3-one 
4.1.2 Fr:an ~Hne 
As discussed earlier, (p.5), attempts to form Reissert compounds 
from guinazoline (10) under the conventional two-phase system 
failed, leading instead to ring opening, to give 2'-
formylbenzanilide (11) and N-formylbenzamide15 (36) (Scheme 6, 
p.5). 
PhCOCl, 
+ 
( 10) ( 11) 
HNCOPh 
I 
CHO 
(36) 
However, in 1980, Bhattacharjee and Popp39 reported that when 
trimethylsilyl cyanide was used as the source of cyanide with 
quinazoline and an excess of benzoyl chloride in anhydrous 
dichloromethane, a bis-Reissert compound {37) was formed in 54% 
yield (Scheme 20). 
Scheme 20 
©Cc H N-COPh __keN N H 
I CO Ph 
(10) (37) 
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Higashino prepared the mono-Reissert compound (38) via an indirect 
two-step procedure involving the reaction of quinazoline with 
hydrogen cyanide to give 4-cyano-3,4-dihydroqui.nazoline, which was 
then benzoylated to yield (38)40 (Scheme 21). 
Scheme 21 
HCN ©tCN PhCOCl , ~-COPh pyridine / N 
( 10) (38) 
Subsequently, work by Uff et a1.41 reported a convenie.'lt one-step 
preparation of (38) in 67% yield utilizing trimethysilyl cyanide 
(Scheme 22). 
Scheme 22 
(10) 
Me 3SiCN, PhCOC:l 
CH2cl2 , Alcl3 ~CN N-cOPh j N 
(38) 
Popp and Uff et a1.41 also achieved selective functionalization of 
quinazoline by blocking the 4-position with a methyl substituent, or 
phenyl substituent 42 (39) as shown in Scheme 23. 
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Scheme 23 
OCPhN ~ .. 
(39) 
Joint studies by the Loughborough and Kansas City groups have been 
recently reported on the chemistry of each of the quinazoline 
Reissert systems, i.e. the 1, 2-functionalised42 and the 3,4-
functionalised43 systems .. Three examples are shown in Scheme 24. 
Scheme 24 
(a) 
N 0 OCNC H ~ 1 NaH,DMF / 0-5°C 
(41) (42) (43),58% 
Ph Ph 
(b) oc· NaH, DMF ~N r.t. "'- N H N H oVcl H 
0 
(44) (45),13% 
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(c) 
(46) 
(49) 1 83% (48) 70% 
~~CN L.:::.ANJ 1_ \ Me 
~ -
Ph 
1 
©GPhN / N~COPh 
/I 
' 
OMe 
(4 7) 70% 
The 5-azaberbine derivative (43) arises from in situ 
., 
dehydrocyanation of the initially formed derivative (42).~v 
Con=mi tant dehydrocyanation is oot observed in the cyclisation of 
the 4-chlorobutanoyl Reissert compound (44).42 stabilization by 
~orbital overlap throughout the resultant system would not be 
possible, in =ntrast to (43). 
The oxazolo[3,4-~]quinazoline (49) results from phosgene addition to 
the alcohol (48) in high yield 42 The ring system is isomeric with 
the oxazolo[3,2-~]quinazoline system, examples of which (e.g. 50) 
show hypotensive and blood platelet aggregation inhibitory activity, 
as also do analogues of the pyrido[l,2-~]quinazoline (45), e.g. 
(51). 44 
(50) 
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4.1.3 Fran ~c Het:erocycles 
The application of the Reissert procedure to the monocyclic ring 
systems has until recently been singularly unsuccessful. Pyridine 
(52) was the main target, but the only report was of a low yield 
preparation by Winters et al. in 1974 of the chloroforrnate derived 
Reissert compound (53) using a two-phase medium, CH2cl2-H2o.45 
However, in 1981, Popp et a1.20 obtained Reissert compounds of 
pyrimidine (54) and 3-methylpyridazine (55). 
It was found that pyrimidine reacts at room temperature with 
trimethylsilyl cyanide, benzoyl chloride and a catalytic amount of 
AlCl3 in CH2Cl2 to give the bis-Reissert compound (56) in 59% 
yield. 20 The formation of 1,3-dibenzoyl-2,4-dicycano-1,2,3,4-
tetrah:ydropyrimidine (56) is analogous to the formation of the bis-
Reissert compound (lOa) from quinazoline (Scheme 25). 
Scheme 25 
~N L::.J N r
CN 
N-cOPh 
N~~N 
I 
CO Ph 
(54) (56) 
( 10a) 
The reaction with 3-methylpyridazine gave a 41% yield of the 
Reissert compound (57).20 
19 
CMeN I N-COPh H CN 
(55) (57) 
Further reactions of pyridazine 
reported by Dostal and Heinisch. 4 6 
Reissert compounds have been 
The low yield by Winters et al. of (53) was improved in 1985 by Kant 
---
and Popp, 47 using the non-aqueous reaction conditions of Me3 siCN, 
CH2Cl2, giving rise to the Reissert compound (53) in 92% yield and 
by Cooney et al. 48 using phase tra"'1Sfer catalysis in the rn2c12 - H2o 
system (Scheme 26). 
Scheme 26 
() Me3SiCN, Etcx::DCI e ) rn2c12 , Alcl3 ~ ~N 
C02 Et 
EtoCOCl,KCN 
(52) (53) 
CH2cl2 , H20 
+ -PhcH
2
Me
3
N Cl 
Further analogues of type (53) have been synthesized and used to 
form various 2-substituted pyridines (58) (Scheme 27).47 
20 
Scheme 27 
0 i.NaH,DMF,0°C CNH· RX ) N H Nai, HMPT u ..;h,:::ea~t..!, ;4~-~5h::----"> N R 
I 
C02 Et 
(58) 
A paper in press at the time of writing, and communicated privately 
to us by Professc;r Popp49, reports the formation in low yields only 
(0.5-45%), of aroyl chloride derived pyridine Reissert compounds 
e.g. (59) (Scheme 28). 
Scheme 28 
6J N· .PhCOCl, Me3 SiCN AlC13 , CH2cl2 r.t. 24h 
21 
) ~ l;NA~N 
I 
CO Ph 
(59) 0.5-3.5% 
5. ASPECTS OF THE OIEMISTRY OF BENZIMIDAZOLE AND IMIDAZOLE RING 
SYSTEM,S 
Reviews51- 54 covering the chemistry of both benzimidazole (60) and 
imidazole (61) have appeared 
(60) (61) 
The benzimidazole system is present in vitamin B12
55 (62), for 
example, and the imidazole ring in the essential amino acid 
histidine (63)54d, found at the active site of ribonucleases and 
~ 
CONHX 
Q .. 
/"'.... /o1j'"OuoH~N/ 
, -·"H o· N 
HOCH2 0 ~ ~ 
(62) (63) 
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5.1 Physi.cxx::hemical Prc:{lerties 
5 .1.1 1\nnul.ar Tautcmer.i.sm 
It is not possible to separate 5- and 6-substituted benzimidazoles 
(64) or 4- and 5-substituted imidazoles, with a ring NH, because of 
tautomerism. 'Ihe proton n.m.r. spectrum of compound (64) shows only 
a single peak for the 5- and 6-hydrogen atoms, indicating that they 
must be magnetically equivalent. Such observations indicate rapid 
proton exchange between N-1. and N-3 (Scheme 29), the NH proton being 
obsEliVed as a broad signal. 
Scheme 29 
R~-H 
(64) 
Al tb:lugh the proton transfer is too rapid i::o allow the isolation of 
separate tautomers, it has been shown in some cases that one 
tautomer greatly predominates, e.g. with 4 (5)-nitroimidazole 
(Scheme 30).51 
400 : 1 
5.1.2 Basjcity 
Imidazole (61) is a moderately strong organic base, pKa 7.00, 56 a 
reflection of the lone pair of N-3 (Scheme 31). Pyrrole (65), by 
contrast, is an extreme~y weak base, tJKa -3.8.57 Benzimidazole has 
56 a pKa of 5.53. 
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Scheme 31 
(61) 
r:=:l -L 
~ .: ,.».j ""+ N H H 
I 
H 
0 ~ 
H 
(65) 
Imidazole (61) can also act as a weak acid (Scheme 32), 
likewise benzimidazole, pKa 13.2. SS 
Scheme 32 
H 
58 pKa 14.9, 
One major consequence of the basicity of imidazole is its role in 
the histidine units of proteins: the histidine can act as either a 
proton acceptor or a proton donor according to the demand of its 
immediate environment. 59 
5.2 Sole React::i.oos of Benzimidazole and Imidazoles 
5.2.1 React::ials with e1ectrq:b:il.ic reagents 
Whereas pyrrole is very reactive towards electrophiles, the presence 
of the N-3 pyridine-type nitrogen in imidazole reduces its 
reactivity, rather like a pyn:ole carrying an electron withdrawing 
group. The result is that electrophilic substitution reactions may 
require rather severe conditions, further deactivatioo being caused 
if the electrophile attacks N-3. In general, imidazoles and 
benzimidazoles are resistant to Friedel-Crafts acylation. 60, 53 
In general, electrophilic C-substitution in imidazole shows a 
preference for 5- (or 4-) substitution rather than for position-2.61 
In benzimidazoles, the few electrophilic substitution reactions 
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which do take place oocur in the benzo ring, generally at position-5 
or -6.62 
l'brmal substituent effects operate in imidazoles and benzimidazoles. 
For example, a powerful electron releasing group at C-5 in 
benzimidazoles will dir~ct substitution to C-4, whereas if an 
electron withdawing group such as nitre is present, it is difficult 
to introduce a second one. 6l 
5.2.la N-~lati!xl 
When the benzimidazole group is already substituted at N-1; a 
quaternized species results. Such a reaction sequence is typical for 
the alkylation of benzimidazoles. Alkylation in netural media leads 
to poor yields of the alkylated product, as side reactions are 
likely to occur. For example, either the HI produced or excess Mei 
can react with benzimidazole or 1-methylbenzimidazole to give the 
resulting salts (66a)-(66c), which are resistant to further 
methylation (Scheme 33 ). 
Scheme 33 
Me I HI 
w~ .. 
Me 
(66a) (66b) (66c) 
Attack at either nitrogen of the benzimidazole anion (67) in a basic 
medium will be highly favoured, giving rise to 1-alkylbenzimidazoles 
(68) in 70% yields, and thus avoiding the side-reactions observed as 
a resu1 t of the formation of the quaternary salts. The reacticn can 
be performed in the presence of hydroxides of alkali or alkali-earth 
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metals in ethaoc>l, methaoc>l, acetone or liquid ammonia, or heated in 
a sealed tube under reflux in xylene or toluene (Scheme 34).63 
Scheme 34 
fuse ? 
R-X ~~+x 
R 
(67) (68) 
With 4-substituted imidazoles there are 2 possible products of 
alkylation. The nature of the product depends on the type of 
alkylating agent, substituent, tautomeric and steric effects. Steric 
effects are important since the 1,4-isomer is more predominantly 
favoured than the 1,5-isomer. This is illustrated for 4-
methylimidazole. The formation of the 1,5-isomer is conveniently 
effected by the reversible acylation step allowing the 
regioselective alkylation at the less sterically favoured position 
\Schel-ne 35 j. 64 
Scheme 35 
Me~N ~~.0 t;l 
__ RX __ ,N_a_o_M_e __ 4Me~~ 
H 
'\_"\PhCOCl 
""'~NaOH 
Me(:~ 
~ 
CO Ph 
5.2.lb N-Acylatian 
R 
(Major) 
J (Minor) 
/ Na2co3 aq. 
__ R-_B_r--+ MeTI/ f -R 
MeCN ~ .. ~ 
N 
' CO Ph 
Benzimidazoles and imidazoles, containing a free NH group can be 
readily acylated using various acid chlorides (2:1 ratio) in an 
aprotic sol vent at room temperature. 
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N-Acylimidazoles have been used as acyl transfer reagents, having 
reactivity equivalent to acyl halides or anhydrides.65 In addition 
N-3 can provide a site for protonation. The heterocycle therefore 
forms an excellent leaving group (see Discussion later, p.97, 
Chapter 2). 
Benzimidazole and imidazoles can also catalyse the hydrolysis of 
esters and other acyl derivatives. With acyl derivatives ROJX, where 
X is a good leaving group, benzimidazole can attack the carbonyl 
group to give the product (70). However, deprotonation of (69) is 
necessary in order to avoid a subsequent attack by H2o or another 
external nucleophile, causing the regeneration of the parent 
heterocycle (60) (Scheme 36). 
Scheme 36 
o· ~;t-I~x ~<--~> ~;-t-x 
ti • H 
(60) 1-x 0 
11 ~;-C-R 
I 
H (69) 
-H+ Jtt- H+ 0 
~;-e-R 
(70) 
An unusual aspect of the chemistry of imidazoles is the ease with 
which the C-2 proton can be removed. This process may involve the 
slow formation of an imidazolium ylid (71).66 
+ 
~NH 
l.:_. N .0-
H 
(71) 
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A reaction which may involve a similar type of ylid is the 
conversion of 1-benzoylimidazole (72) to 2-benzoylimidazole (73) in 
the presence of triethylamine and pyridine (Scheme 37). 67, 52 
Scheme 37 
~~H PhCOX,NR3 
~ 'II;J- ...,.. . --,®~-
COPh N 
(72) {"l3) 
5.2.2 React:i.<Ds with Nucl.eq:h:ilic Reagents 
Nucleophilic displacement reactions of suitably activated 
benzimidazoles and imidazoles take place at C-2. 
one of the most widely used nucleophilic reactiorl? of benzimidazole 
is the Chichibabin reaction for the synthesis of 2-
arr.inoben~imidazole compounds (74). In this procedure, the N-
substituted benzimidazole derivative is heated in xylene with 
sodamide (Scheme 38 ). 
Scheme 38 
NaNH2 , xylene 
reflux ) 
The reaction is also sensitive to the nature of substituent at c-5, 
thus 5-alkyl, alkoxy and thioalkyl derivatives are successfully 
aminated, whereas 5-hydroxy, hal~geno, nitro and carbonyl 
derivatives oo not enter into the Olichibabin reaction. 68 An excess 
of sodamide is sometimes used to alleviate any steric hindrance due 
to bulky R-groups. 
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The mechanism is believed to involve the coordination of N-3 with 
sodium from sodamide. 69 
The additional nitrogen atom of the diazole ring system has an 
electron withdrawing effect and can provide stabilization to 
negatively charged reaction intermediates (Scheme 39).70 
Scheme 39 
~~ I 
R 
~;c 
I 
R 
Two further examples of nucleophilic displacement reactions with 
imidazoles are given (Scheme 40) .7° 
Scheme 40 
~7 
, N /-sr 
I 
Me 
750C 
Other reactions of nucleophiles have been shown to occur at 
position-2 of the benzimidazole ring via the quaternary salt (75) to 
give 2,3-dihydrobenzimidazoles (76), 2,3-dihydro-2-hydroxy-benzi-
midazole (76), which is produced by the action of hydroxide ion 
compound (76, R = alkyl), has a structure akin to hemiacetals and 
undergoes tautomeric ring opening to amino-amides such as (77) 
(Scheme 41).71 
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Scheme 41 
~-R "OH QcN-R 11 ) I I H 
/X_ '- N,.)(OH 
I I 
R R 
(75) (76) 
~NRCHO 
~NHR 
(77) 
The N-acyJ..p_seudo-base (76, R=Acyl), j_n contrast to the N-alkyl 
pseudo-base (76, R=Alkyl), has been shown to be covalent in 
character and does not display tautom~ism with an ionic form.l3, 72 
30 
DISaJSSICN 
THE Flll'Cl'ICNALISATICN J\ND MDIFICATICN OF BEW:IMIDAZOLE 
BY THE REISSERT APPRClAOI 
The fonnation of Reissert compounds from a wide range of aromatic 
six-membered ring nitrogen heterocycles using an acid chloride and a 
source of cyanide has been utilized as a key step for the 
modification of the heterocyclic ring. 
Earlier attempts to extend the method to five-membered ring 
analogues failed, because under the conventional two-phase 
conditions of the Reissert procedure, ring opening was observed as 
mentioned in the Introduction (p.l). 6•13 For benzimidazole (60), 
t>ri.s gave rise to the ring-opened product (79), likely to be formed 
via the bis-~-acyl pseudo-base intermediate (78) (Scheme 42). The 
process also occurs in the presence simply of aqueous base (see 
p.29). 71,72 
Scheme 42 
PhCOCl,KCN 
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~NHCOPh 
~NHCOPh 
The reaction can be oompared with the behaviour of the quinazoline 
ring system discussed earlier (p.5) where ring opening also occurs, 
involving, in part, attack by -OH at the cartJan (C-2) flanked by two 
nitrogen atoms. 
The successful isolation of Reissert compounds from benzothiazole 
and benzoxazole by B.C. Uff et a1.6 under single non-aqueous phase 
conditions utilizing trimethylsilyl cyanide, prompted us to carry 
out analogous studies with the benzimidazole· system, in the hope 
that-this may provide a new and potentially versatile means of 
extending the chemistry of the rin.::J system. 
PJ\Rr [A] : REISSERr W1POOND RR11\.TICN FR!.:M BENZJMIDAZOLE 
· a) PI:eparaticn of Trilletilylsilyl Cyanide (80) 
The reagent can be obtained oommercially (Aldrich Cllemical CO.), but 
in view of its oost its preparation was examined. 
The method of Reetz and Chatziiosifidis73 uses potassium cyanide: 
trimetiiYlsilyl chloride:N-methylpyrrolidinJne in the mole ratio of 
5:5:1 with potassium iodide (0.5 mole ratio) as a catalyst, stirred 
at room temperature for 12 hours. The product is distilled directly 
from the reaction flask. 
Km+ ~SiCl . KI catalyst.- ~sirn + KCl + KI Oo 1 (80) 
Me 
b.p. 112-118°C 
A yield of 85-87% was claimed by the authors73 using this procedure. 
Although we have carried out this preparation on many occasions, we 
have not obtained a yield of trimethylsilyl cyanide beyond 39%, even 
after varying the reaction conditions. This was given by refluxing 
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the reaction mixture for 3 h:>urs and sti=ing it at r=m temperature 
overnight before distilling directly from the reaction flask. 
However some trimethylsilyl chloride is recovered and can be re-used 
and the yield of trimethylsilyl cyanide based on this recovery was 
85%. 
Any presence of moisture will adversely affect the preparation, as 
trimethylsilyl chloride and presumably trimethylsilyl cyanide, is 
converted to hexamethyldisiloxane (81) (b.p. 101°c)?4"Hence the 
apparatus was carefully dried. Analar grade potassium cyanide, 
finely divided, was kept in a drying pistol at 100°C under vacuum 
for 24 hours before use, and ~-methylpyrrolidinone was dried by 
distillation and storage over potassium hydroxide pellets, being 
redistilled before use. 
2 ~SiCl + HzO + ~SiOS~ + 2 HCl 
(81) 
The potassium iodide presumably converts catalytically the chloride 
into trimethylsilyl iodide as an intermediate, thus providing a 
better leaving group on attack by cyanide. 
An alternative method by Hunig and co-workers74busing sodium 
cyanide, trimethylsilyl chloride and a large excess of ~­
methylpyrrolidinone, claimed a yield of trimethylsilyl cyanide of 
65-80%, but under these conditions, we obtained only 18% yield. 
Na<N + ~SiCl ..:N.:;;ai~(..::ca:::t:::aC::l.._yst:::=)-+1 
(~o 
I Me 
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~Si<N + NaCl + Nai 
(80) 
b.p. 114-118°C 
Reetz and Olatziiosifidis73 also des=ibed what they regarded as a 
more straightforward method for the synthesis of trimethylsilyl 
cyanide. They claimed that a yield of 85% was obtained by stirring 
a suspension of sodium cyanide and sodium iodide into trimethylsilyl 
chloride at room temperature for 72 hours in the absence of the 
solvent !:'1:-methylpyrrolidinone. However on following this method 
only recovered trimethylsilyl chloride was obtained by us. 
b) Preparatim of Benzimidazole Rei ssert Chrpoonds 
As mentioned in the Introduction (p.27) Staab et al. 65 ·had shown the 
!ability of acylimidazoles (82) to a range of nucleophiles (amines, 
alkoxides, hydrides, caroanions), and exploited this as a route to 
amides, esters, aldehydes and ketones e.g. Scheme 43. 
Scheme 43 
~~·o•• + 
(82) 
It was, therefore, anticipated that this acyl transfer process may 
prove competitive with attempted Reissert compound formation in the 
imidazole = benzimidazole series, to give the acyl cyanides, RCXXN, 
instead of attack by -CN at the ring. 
We firstly examined Reissert compound for~ation using a 
chloroformate as acid chloride, two mole equivalents being employed 
in anticipation of both N-atoms being acylated. 
Benzimidazole (1 mol) with methyl chloroformate (2 mol) and 
trimethylsilyl cyanide in anhydrous dichloromethane for 48 h::lurs at 
room temperature gave 2-cyarn-2,3-dih:ydro-1,3-bis(methoxycarbonyl) 
benzimidazole (83, R = MeO-) in 81% yield, m.p. 187-189°c, thus 
providing the first example of a Reissert compound in this series 
(Scheme 44). 
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Scheme 44 
~ ~] 
H ! (60) (1rrol) 
RC0C1(2mol)· ;11e 3SiCN( 1.2mol) 
Alcl3 (cat),CH2cl2 
+ -
RC=O-AICI3 
I ~N-CORCI 
~~) -----'l 
(70) 
~N--cOR 
~NJ:~N I 
COR 
T (83) 
~N-COR 
~rf·:~t-cN 
I 
COR (70a) 
The infrared spectrum of (83, R = MeO) showed a strong carbamate 
carbonyl absorption at 1712 cm-1• The n.m.r. spectrum gave a sharp 
singlet at 86.60 assigned to the C2-H proton, which was clearly 
separated from the aromatic proton signals at 87.90-7.01 ppm. The 
mass spectrum of (83, R = MeO) gave the molecular ion at m/z 261 
with a relative intensity ofqo% and the base peak was at m/z n6·. A 
possible fragmentation patteJ:n is shown, the molecular comPJSition 
of the fragments being revealed by accurate mass measurement (Scheme 
45). 
Scheme 45 
~N~CO.OMe ~N)<CN 
I 
CO.OMe 
+ m/z 261 (90%,c12Hl 1N5o4) 
35 
+ 
• 
~] 
+ 
Scheme 45 suggests that two cleavage routes from the starting 
molecular ion can occur. The first [route (a)] involves <:~-Cleavage 
to carbonyl resulting in the loss of co2Me to give m/z 202. The 
second [route (b)] involves the loss of CN to give m/z 235. Each 
of these fragments could then produce the base peak at m/z 176, 
which corresponds to the elements of 1-methoxycarb:Jnylbenzimidazole. 
Use of ethyl chloroformate and of phenyl chloroformate gave 
analogous Reissert compounds (83, R = EtO, PhO), each in 90% yield. 
When aroyl chlorides were used, 4-chlorobenzoyl chloride provided 
(83, R = 4-oc6H4 ) in 75% yield, the 4-meth:)xy analogue was obtained 
in 72% yield and the 2-chloromethyl analogue in 69%. The 4-
chlorobutarcyl chloride, as an example of an aliphatic acid chl=ide 
gave [ ( 83, R = Cl('CH2 )T] in 73% yield. 
In the case of benzoyl chloride an anomalous result was observed in 
that the first formed product proved to be N-benzoylbenzimidazole 
(70, R =Ph) in 67% yield. 1-Acylbenzimidazoles were not isolated 
in other cases, although were probably present as intermediates (see 
Scheme 44 ) • 
l0=NJ-COPh 
(70, R = Ph) 
When N-benzoylbenzi.midazole was itself treated under Reissert 
reaction conditions a low yield (28%) of 1,3-dibenzoyl-2-cyano-2,3-
dihydrobenzimidazole (83, R = Ph) was obtained. 
Table 1 summarises the results for the eight benzimidazole Reissert 
compounds, which all gave satisfacto:ry microanalytical data. 
36 
TABLE 1 
(83} R Yield% m.p/'C i.r. (I<Br} C=O C2-H 
vmax/cm-1 .Ywn 
a MeO- 81 187-189 1712 6.60 
b EtO- 90 117-119 1710 6.40 
c PhO- 90 130-132 1735 6.95 
d Ph- 28* 132-134 1660 6.64 
e 4-ClC6H4- 75 178-180 1665 6.75 
f 4-Me0C6H4- 72 171-173 1660 6.75 
g 2-ClO~C6H4- 69 125-127 1665 6.60 
h Cl(~}3- 73 133-135 1670 6.65 
* From 1-benroylbenzimidazole; overall yield from benzimidazole,17%. 
An interesting feature concerning the infrared spectra of these 
benzimidazole Reissert compounds ( 83) is a lack of absorption for 
the cyano group in the range of 2300-2200 cm-1 . To our knowledge 
this is also the case for all other published examples of Reissert 
oompounds, although recent w=k at Loughborough has revealed some 
exceptions, mainly in the benzothiazole series. 75 The i.r. spectrwn 
of 2-cyano-2,3-dihydro-1,3-bis(methoxycarbonyl)benzimidazole (83, 
R=MeO), is reproduced in Spectrum 1 (p.37a). 
An explanation for the absence or weak appearance of the nitrile 
signal has been suggested by McEwen and Cobb76 to be due to an 
electrostatic association between the carbonyl oxygen atom and the 
carbon atom of the nitrile group, giving it less triple bond 
character. 
. .. 
.' l + 
' _N-C-R 
)(_ 11 
H C -:0 
"' N· 
37 
. ~ . 
. : 
Spectrum 1 
.. • 
I :;~·•.J i2CQ 
'JiA 'lENU/,4.2::~ 
(83 R Me) 
. -. 
Four X-ray crystallographic studies of Reissert compounds have been 
reported by Takarska et al. 77 In none was the distance reported 
between the carbonyl oxygen and nitrile carbon. However, from the 
data given, Dr n.s. Brown and I. Fisher3 Bb, 78 of this Department, 
have calculated the interatomic distances as sh:lwn (Table 2). 
R 
(6a) 
(6b) 
(84) 
(85) 
Ph 
EtO 
oo.I"J-C-R ll H r---o y,, 
N 
(6) 
TABLE 2 
3,4-dihydro analogue of ( 6a) 
3, 4-dihydro analogue of ( 6b) 
0 
o----c distance/A 
2.80 
3.56 
3.13 
3.42 
The distance for example of 2.80A in 2-benzoy1-1-cyano-1,2-
dihydroisoquinol..ine (6a) is less than the combined Van der Waals 
0 0 0 79 
radii of 3.1A for oxygen ( 1.4A) and carbon ( 1. 7A) and thus, 
implying a marked interaction between the· carbonyl oxygen and the 
carbon atom of the nitrile group. 
Y-P. HoBO has reported in her thesis that the majority of 
benzothiazole Reissert compounds including (86, R = 4-MeC6H4-; 4.,-
ClC6H4-; Cl(CH2)3-; MeO-; 2-ClCH2C6H4-; 4-MeOC6H4-) and derivatives 
(87) and (88) show a nitrile signal of weak, but clearly visible 
intensity in the range of 2250-2220 cm-1• Similar absorptions are 
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also reported81 f= indazole Reissert oompounds (89, R = Me, Et, Ph) 
and f= the benzologous Reissert oompounds (90, R = OMe, OEt, Ph) in 
the range 2250-2210 cm-1• 
COR 
~~)<H 
~~ CN 
(86) 
WCN N-Me I I 
COR 
(90) 
(87) (88) 
{89) 
In two benzothiazole Reis.sert compounds the nitrile absorption is 
not discernible, i.e. (86, R = Ph, 4-02Nc6H4 ).8° A recent x-ray 
determination of (86, R = Ph) :in this Department18 has slDwn a unit 
cell containing two molecules in which the carbonyl oxygen to 
0 
nitrile carbon distances are 3.190 A. 
Very recently, Balaban et a1.82 have reported there to be no nitrile 
--
absorption observed for the 1-cyanoisochromene oompound (91). 
W R 0 R CN 
(91) 
This clearly suggests that the close proximity of the carbonyl 
oxygen to the nitrile carbon canoc>t be the sole explanation for the 
absence of the nitrile peak. 
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c) Mechanistic Involvement of Trimethylsilyl Cyanide in the 
Fbrnlatim of Rei m: et O:xnpcAJnds 
To date, the mechanistic involvement of trimethylsilyl cyanide, in 
the formation of Reissert compounds has not been discussed in the 
literature, although some discussion has appeared in two theses from 
this Department. 83 
Reetz and co-workers84 have recently discussed the use of 
trimethylsilyl cyanide to convert tertiary alkyl chlorides to the 
nitrile in the presence of a Lewis acid (SnC14 ) in dichloromethane. 
SnC14 
i.e. R3C-Cl + (Oi:3)3Si-CN %C-CN + (0-!3 )3Si-Cl. "-CH2Cl2 
They proposed two mechanisms each involving isocyanide 
participation. The isocyanide (92) is present to the extent of 5% in 
equilibrium with trimethylsilyl cyanide. 85 Applying their 
mechanismsto our substrates with aluminium chloride as catalyst 
would provide pathways A and B. 
Mechanism A 
+-
(Qf3)3Si-O< ...-=- (ar3 )3Si-N:C 
(80) 95% (92) 5% 
N-COR ~ ) - R,c,.~' 
N/ ~O-AICI3 
"AlCl W -N-COR 4 y~ ;) Ne Si-N~C I 3 ·~ D_.:t R,c....cr 
,, 
0+ 
I 
'AICI3 
(93) COR 
l 
N-COR Qt:.J<· N.,.COR I,H . H 
N Ac ... , N +'I 1 •• T C=N-SiMe3 
(83) COR + t-E3SiCl + Alcl3 (94) C,OR Ci-kc13 
In this mechanism the trimethylsilyl isocyanide- (92J is the reacting 
species, and the intermediate nitrilium ion (94) is rapidly 
desilylated by attack of chloride to produce the Reissert compound 
(83) and trimethylsilyl chl=ide. 
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Mechanism B 
This involves two moles of the reacting substrata (93). The first 
molecule is attacked by trimethylsilyl cyanide acting as a 
nucleophile to give the nitrilium ion (95) which is isomeric to 
(94). This intermediate (95) is rapidly desilylated by attack of 
chloride to give the isonitrile isomer (96) of the Reissert comp:mnd 
which then attacks a second molecule of the substrata (93) to give 
the new nitrilium ion (97), and hence leading to the product 
Reissert comp:mnd (83). 
i.e. 
1s! 
N-COR 
7 
N) "-.. =N-'C-Si Me3 
COR 
(93) 
rrolecule 
1 
"AICI4 
QI:-;~C:R 
I 
COR 
(83) 
(95) isorreric to (94) 1 desilyla<i= 
N-C.OR )<. H 
. N ~;C 
toREJ<~6l 
N-COR 
~ N 
1 2nd molecule 
COR 
~N-COR ~J "AICI4 
(93) 
I 
COR 
Reetz et al. 84 favour a mechanism of type B for the cyanation of 
tertiary alkyl chlorides. In our case, however, it seems to us that 
the equilibria proceeding through the nitrilium ion (97) may be 
unfavourable due to the size of the reactants in forming the bulky 
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intermediate (97). Also it must be recognised that although 
trimethylsilyl cyanide does exist in equilibrium with the 
isocyanide, the equilibrium strongly favours trimethylsilyl 
cyanide. 85,86 Nevertheless the isocyanide could be the reacting 
species, =ntinuous replenishment being possible. 
The steric factors observed for the bulky intermediate (97) (in 
mechanism B) could, however, be reduced by an alternative pathway 
for the isonitrile (96), i.e. in that it could attack a second 
molecule of trimethylsilyl cyanide liberating -o;r and giving (98) 
(Scheme 46). 
Scheme 46 
(83) 
The cyanide could then either re-attack (98) at position-2 
liberating trimethylsilyl cyanide by ~ displacement [route (a)] or 
attack a se=nd molecule of (93) [route (b)] which OOUld be provided 
from the equilibration of (98) as shown in Scheme 46. Either 
process would give the Reissert oompound (83). 
However, it seems to us that a more simple mechanism is available 
which does not involve isonitrile participation, but instead, 
involves the liberation of cyanide via an SN2-si87 type 
substitution, as outlined in Scheme 47. 
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Scheme 47 
(i) 
~N-COR ~NJ c~ V9=o + AlC13 
R 
• 
(ii) 
(iii) 
N-e OR J AlC14 
I 
COR 
(93) 
N-COR )<H 
1 CN 
COR 
(83) 
This mechanism depends upon step (ii) producing cyanide ions which 
would rapidly react with cation (93) to give the Reissert compound 
(83). Step (ii) involves the formation of Me3SiCl from Me3 SiCN 
which is the reverse of the preparation of trimethylsilyl cyanide 
and so the equilibrium is likely to lie to the left. However, as 
cyanide was used in step (iii) continuous replenishment by step (ii) 
would occur. 
43 
PARr [B]: BASE CATALYSED REACTIONS OF BENZIMIDAZOLE REISSERT 
<nmxJNDS l\ND RELATED OIEMISTRY 
Having successfully obtained benzimidazole Reissert compounds (83) 
we sought to examine the chemistry of the new system. 
It has been obse:J:Ved with six-membered ring Reissert compounds that 
sodium hydride in dry dimethylformamide (DMF) at 0°C removes the 
hydrogen from the carbon carrying the nitrile to give a conjugate 
base. '!his is usually associated with a deep red colouration and the 
evolution of hydrogen gas.2,24 
However, treatment of 2-cyan::>-2,3-dihydro-l,3-bis(4-methoxybenzoyl) 
benzimidazole (83f) with sodium hydride in DMF at 0°C gave ro colour 
change and only a slow evolution of hydrogen gas. '!his implied that 
carbanion generation was rot =ing efficiently and we considered 
use of a stronger base. 
Table 3 shows IJKa values for some common strong bases (IJ!<a > 17).93 
TABLE 3 
. 
Acid Base Approx. IJKa Ref. 
Me:3CDH Me:>CD- 19 94a 
MeSCMe MeSClOI-2 25 94a 
H2 H- 35 94b,c 
NH3 ~- 38 94c,d 
i-Pr2NH i-Pr2N- 40 94e 
C6H6 Ph- 43 94f 
Me(CH2)~ Me(CH2)2CH2- 50 94e 
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We selected the diisopropylamide ion as a stronger base than 
hydride. Lithium diisopropylamide is generated cy treatment of 
diisopropylamine with butyllithium in hexane at -10°C. 
The interaction of lithium diisopropylamide at -78°C with Reissert 
compound (83f) gave an immediate dark brown colour, thought to 
indicate the formation of carbanion (99), together with the 
evolution of hydrogen gas (Scheme 48). 
Scheme 48 
- + ;l-Pr2N Li ~N-COR I~N_lCN 
I 
COR 
(99) 
Although the carbanion centre at C-2 in (99) lacks the direct 
resonance stabilization that the benzene ring affords to the 
benzylic anion from the isoquinoline Reissert system (18), it can 
benefit from p-7[ orbital overlap with the two presumably planar 
amide systems, 95 and hence with the benzene ring, as well as with 
the nitrile group. 
~ ~N-COR 
NC 
(18) 
a) Internolecular Alkylaticn React:icns 
As mentioned in the Introduction, the conjugate base (18) of the 
isoquinoline Reissert compound has been found to participate in 
nucleophilic displacement reactions with alkyl halides to give 
substituted Reissert compounds, subsequent hydrolysis then giving' l-
alkylisoquinolines.24,25,27 
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If this procedure could be applied to the novel benzimidazole 
Reissert compounds, it would provide a new route to 2-
alkylbenzimidazoles. 
A series of C-alkylation reactions (Scheme 49) was performed using 
Reissert compounds (83b) and (83f) (1 mole) with an excess of alkyl 
halide in the presence of lithium diisopropylamide. Anion formation 
was indicated by a dark brown colour which faded to a pale yellow as 
the reaction progressed. Work-up gave rise to four alkylated 
products (100) in good yields as shown in Table 4. 
Scheme 49 
-N-COR 
_,.keN 
N -H 
I 
COR 
(83b) I R=Et0-
(83f), R=4-MeCC6H4-
( 100) R R' 
a 4-MeOC6H4- Me 
b EtO- Me 
c EtO- Et 
d EtO- Phrn2 
i-Pr2NLi, R'-X ) 
THF, hexane, -78°c 
N-COR 
. ©I:~ N-COR 
........ I CN 
N,)(R, 
I 
COR 
/ (lOO) 
}:eN 
~ ~R~ 
COR 
(99) 
TABLE 4 
Yield % m.p.;DC 
65 91- 94 
65 87- 89 
60 78- 80 
62 125-127 
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p.m.r. li/ppn 
(R') 
2.32(3H,s,CH3 ) 
2.30(3H,s,CH3) 
2.82(2H,q,CH2 ); 
0.80(3H, t,CH3) 
4.05(2H,s,CH2) 
In the p.m.r. spectra of the new compounds (100), signals for the 
C2-H proton of the starting materials at 86.42 (83b) and 86.75 
(83f), were absent. 
In these reactions the alkyl halide (in excess) and the Reissert 
compound were added together to the base, to ensure that as the 
carbanion was generated, the electrophile (R'X) was present to 
react. 
The alkylated Reissert compounds (lOO) all gave satisfactory 
microanalytical data. The mass spectral fragmentation of compound 
(100b) is shown in Scheme 50. The molecular ion was obsexved at m/z 
303 with relative intensity of :&2.%, and the base peak occurred at 
m/z 144, co=esponding to loss of both ethoxycarbonyl groups as a 
result of a McLafferty type rearrangement and the loss of methyl 
from the resulting fragment at m/z 159. The rrass spectrum of compound 
(100b) is reproduced in Spectrum 2 (p.47a). 
Scheme 50 + 
. 
QcJM~O.OEt 
~ CN 
. CO.OEt 
- [Co2c 2H4 CN ~ 
(rc;Me, + 
I 
CO.OEt 
m/z 204 (46% c11H12N2o2) 
m/z 303 (22%,c 15H17N3o4) 
/ N-H [Or: ]+ ,I ~~~ 
47 
Spectrum 2 
IS·· 55 MABS INTENB 1 'J'Y I~EPOHT 
lASS 
"FIAC 
·DFTtSCANSt702302.6 
RANG£::40-830 
i•1AS!3 lii-II'•IGE t 
·EPOR'J' DEVICE:$VDH 
.XCLlJDE t HEF 1 EXC 1 DUI'\ 
IOI~MALI U,TlON: 
.011F SCAM:l t 
IUM BOXES: 
I1CTIJiiS t 
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This fragmentation sequence has also been observed for other N-
substituted ethylcarbamate systems, 96 resulting in the loss of 
ethylene and cartJon dioxide, and is thought to be both thermally and 
electron impact induced. 97 
b) Retro-Reissert React:icns Under Basic O:ndi:t:icns: a rart::e to 2-
alkylbenz:imidazoles 
Base catalysed hydrolysis of alkylated Reissert derivatives of six-
membered ring 'heterocycles has provided a straightforward route to 
the corresponding aromatic heterocycle.2 For example, 1-
benzylisoquinoline (20, R=PhCllz) is formed in 91% yield by heating 
2-benzoyl-1-benzyl-1,2-dihydroisoquinaldonitrile (19, R=PhCllz) under 
reflux with sodium hydroxide in aqueous ethanol for two hours 
(Scheme 51).28 The method has provided a route to many 
benzylisoquinoline alkaloids. 4 
Scheme 51 
Na0H 1 . aq.EtOH 
reflux, 2h 
~ ~N 
R 
Application of similar reflux conditions to 2-cyano-1,3-bis(ethoxy-
carbonyl)-2,3-dihydro-2-methylbenzimidazole (lOOb) resulted, how-
ever, in the complete breakdown of the heterocycle to give Q-
phenylenediamine (102) in 35% yield, m.p. 99-101°C (lit.,98 101-
1020C). This decomposition seems likely to have occurred via the 2-
alkylbenzimidazole (101, R=Me) to give the ring opened product (102) 
as shown in Scheme 52. 
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Scheme 52 
0 
N-C-OEt i/M~ N/(c~) 
O=tOEt "OH 
(100b) 
15% KOH, aq.EtOH 
reflux, 4h. 
(102) 
\ 
further 
~~~l;sis 
~N-C-Me 
I " fl 0 
The formation of _2-phenylenediamine (102) via the route shown in 
Scheme 52 was confirmed by repeating the hydrolysis procedure using 
commercially obtained 2-methylbenzimidazole (lOla) as starting 
material. The reaction gave the diamine (102) in 37% yield. The 
proton n.m.r. spectrum of (102) includes a broad signal at 03.85 ppm 
corresponding to the two ~ proteins and the i.r. spectrum srows two 
sharp bands at 3450-3390 cm-l and two broader bands at 3300-
3200 cm-1• The sharper pair may correspond to non-H bonded 
symmetric and asymmetric N-H stretching frequencies and the broader 
bands to H-bonded stretching frequencies. 
Further evidence for the formation of (102) was obtained by 
preparing a known derivative, quinoxaline (104), by the condensation 
of _2-phenylenediamine with glyoxal (103) in the presence of sodium 
carbonate (Scheme 53). Quin:)xaline (104) was obtained in 65% yield, 
m.p. 26-28°C (lit., 99 28°C). The proton n.m.r. spectrum of (104) 
srows a multip1et at o 8.50-7.35 ppm corresponding to the protons at 
positions 5-8 of quinoxaline and a sharp singlet at 08.91 ppm for 
the protons at positions 2 and 3. 
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Scheme 53 
5 4 QrNH2 + O=CH 6(}(Nd I 
NH2 O=CH 7........ / N 2 
8 1 
(102) (103) (104) 
In view of the failure of the hydrolysis procedure under reflux 
conditions to give the 2-alkylbenzimidazole, we examined the base 
catalysed hydrolysis at room temperature using 15% potassium 
hydroxide and aqueous ethanol with stirring for 10 hours (Scheme 
54). The reaction using 2-cyano-1,3-bis(ethoxycarbonyl)-2,3-
d:i.hydrobenzimidazole (83b) gave the unsubstituted benzimidazole (60) 
in 40% yield Use of 2-cyan::>-1,3-bis(ethoxycarbonyl)-2,3-dihydro-2-
methylbenzimidazole (lOOb) under identical reaction conditions gave 
2-methylbenzimidazole (lOla) in 42% yield. The pr=edure was also 
applied to the aroyl chloride derived 2-substituted benzimidazole 
Reissert compound, 2-cyan::>-2,3-dihydro-1,3-bis(4-metboxybenzoyl)-2-
methylbenzimidzole (lOOa) giving the 2-alkylated benzimidazole 
(lOla) in 41% yield. Further room temperature hydrolysis reactions 
were performed using the ethyl and benzyl substituted Reissert 
compounds [(lOOc) and (lOOd)] and the results obtained are given in 
Table 5. 
Scheme 54 
r0.r-;1.-· 15% KOH, aq.EtOH ~N" CN 
I 
O=C 
I 
R 
(83b), R=EtO, R 1 =H 
(100a), R=4-MeOC6H4,R'=Me (100b), R=EtO,R'=Me 
(100c), R1=EtO,R 1 =Et 
(100d) 1 R'=E~O,R 1 =PhCH2 
lOh, r.t. 
50 
(60), R '=H 
(101a), R '=Me 
(101b) i R'=Et 
(101c), R '=PhCH 
. 2 
TABLE 5 
100-103 
Starting Material Product Yield m.p./'C Lit_iq 
% m.p. C 
( 83b),R=Et0-,R 1 =H (60),R 1 =H 40 177-179 178-179a 
(lOOb) ,R=EtO,R I =Me ( lOla) ,R 1 =Me 42 174-176 176-177' 
(100a),R=4-MeOC6H4-, (10la),R 1 =Me 41 172-174 176-177b 
R1 =Me 
( lOOc)' R=EtO-' RI =Et (10lb),R 1 =Et 45 168-170 172-174° 
( lOOd), R=EtO-, ( lOlc), R 1 =Phrn2 44 170-172 174-176d 
R1 =PhCli2 
a b c . d 
ref 103, ref 100, ref 101, ref 102. 
The i.r. and p.m.r. spectra of the products obtained were in 
agreement with the quoted literature values.l00-103· 
There are a number of :routes to 2-alkylbenzimidazoles reported in 
the literature100,103-106 and some of these are illustrated in the 
following Schemes (55-57) below. 
Scheme 55 
(102) l 
~N=CHR 
~NH2 
ll'OI1oanil 
i. RCHO, -20°C 
ii. 24h, r. t. 
51 
©c:-5R 
~ 103,104 (101), R=alkyl,aryl. ro) 
~;~H ~N' R 
~ 
Scheme 56 
(102) 
Scheme 57 
(102) 
1. A~ 2o,ls%Hcl,reflux zomin.QD1 0-N 72--o--=----------~ ' Me 
• Na H "-
~ 
polyphosphoric acid 
RCOX, 120-200°C 
R=alkyl, aryl 
x=-oH, -oR •, -NH
2 
H 
(lOla) 60%100,103 
~!YR 
t!t 
(101) 50-80%103 •105 
Thus our results provide a new route to the synthesis of 2-alkylated 
benzimidazoles, albeit in modest yield. To be more synthetically 
useful, higher yields would have been preferred, and we later 
examined the conversion under acidic oondi tions (p. 67 ). 
c) Intramolecular Cycl.:isaticn Pnx:esses: formation of the pyrido 
[1,2-a]benzimidazole system and the benzimidazo[1,2-b]iso-
quinoline system 
In 1972 H.W. Gibson et a1.107 showed that suitably substituted 
isoquinoline Reissert compounds could be made to undergo 
intramolecular alkylation and cyclisation upon treatment with a 
-~trong base. Thus treatment of the isoquinoline Reissert compound 
(to.5) with sodium hydride in DMF afforded (106). 
52 
NaH 
DMF 
(105) (106) 
More recently, other workers34 , 35 reported the intramolecular 
cyclisation of the isoquinoline Reissert =mpound (107) prepared from 
2-chloromethylbenzoyl chloride to give the tetracylic system (108) 
after treatment with base. Cyclisation was followed by elimination of 
HCN in situ to give the =berberine derivative (109). 
(107) 
NaH .• 
DMF 
We investigated similar schemes with appropriately substituted 
benzimidazole Reissert =mpounds. We found that the reaction of 1,3-
bis-(4-chlorobutanoyl)-2-cyano-2,3-dihydrobenzimidazole (83h) with 
lithium diisopropylamide (14.3mmol) in THF at -78°C for 4 hours, under 
an atmosphere of nitrogen, resulted in an intramolecular cyclisation to 
give a pale yellow solid. Recrystallization of the crude product 
provided 5-(4-chlorobutanoyl)-3,5-dihydrc::pyrido '[1,2-a]benzimidazol-
1(2H)-on~1 (~h) m.p. 157-159°C (Scheme 58). -
- 1\ .. 
) 
53 (110) 
The mass spectrum of (111) sh::>wed molecular ions at m/z 292 and 290 
whose acrurate mass measurements corresponded to c15H15N2~ 37 Cl and 
c15H15N2~35cl respectively. These data equate with structure (111) 
i.e. intramolecular cyclisation and concomitant loss of HCN. The 
base peak appeared at m/z 185, implying loss of CO.(CH2 )3Cl by ex-
cleavage at the side chain carb:myl. This is followed by .. a loss of 
ketene, as rationalisated by Scheme 59. 
Scheme 59 ] + [ 0 . 0-:N-c -(cH 2 ) 3-cl 
' ):) 
m/z 290 (16%) 
[ J, -[Cl(~) 3CO] ~6 r 
m/z 185 (100%) 
[ J, -(CH2=C=O] r ©l=N N~CH2 
m/z 143 (34%) 
The infrared spectrum sh::>wed the lactam carbonyl signal at 1680 cm-1 
and amide at 1665 cm-1, but an absence of nitrile absorption in the 
region of 2230 cm-1• The proton n.m.r. spectrum showed triplets at 
63.78 ppm and 63 •. 05 ppm, corresponding to rn2-c1 and rn2-0J (of the 
carlJamate side group) respectively, and multiplets at 62.18 ppm and 
2.85-2.35 ppm, corresponding to CH2 -fl to the Cl of the side chain 
and the -rn2-rnz- unit of the lactam ring respectively. 
The molecular formula of compound (111) was also confirmed by 
satisfactory microanalytical data. The synthesis presented a new 
route to the pyrido[l,2-a]benzimidazole ring system. 
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The concomitant loss of HCN in the cyclisation of 1,3-bis-(4-
chlorobutan:Jyl)-2-cyano-2, 3-dihydrobenzimidazole ( 83h) contrasts 
with the behaviour of the isoquinoline analogue ( 105 )107 although 
Gibson et al.107 observed that HCN was lost on refluxing (106) with 
lithium aluminium hydride in tetrahydrofuran to reduce the amide 
(Scheme 60), giving (112). 
Scheme 60 
0 
(106) 
LiAlH4 
THF ) 
(112) 
In wo:rk at Loughborough, partly concurrent with ours, the quinazoline 
analogue (44)15a and benzothiazole analogue (113)6 were each shown to 
cyclise with retention of HCN (Scheme 61). In our system the second 
amide group provides additional p-~ orbital overlap for the cross 
conjugated system of (111). 
Scheme 61 
Ph 
©Y~N 
Oy 
(CH2l3-c1 
(44) 
(113) 
NaH, DMF 
r.t. 
55 
Ph 
©ttr 
(45) 
©t:-b 
S CN 
(114) 
Quite a number of studies =ncerning the pyrioo[l,2-~]benzimidazole 
ring system have appeared in the literature during the last 25 years 
or so, but only a few prior to 1960.108 However, as far as we can 
ascertain, our product (111) is the first example of the 3,5-
dihydropyrido[l,2-~]benzimidazol-1(2g)-one system. There are a 
number of other 1-oxo derivatives but with an oxidation level or 
.• 
double bond position different from those in (111). For example, 
treatment of 2-benzimidazolylaoetonitrile with dimethylacetylene-
dicarboxylate in DMF gives the pyrioo[l,2-~]benzimidazol-1(5g)-one 
(115) in 32% yield (Scheme 62).109-111 
(115), 32% 
Furthermore, the 3, 4-dihydropyrido [ 1, 2-~] benzimidazol-1 ( 2H) -one 
(116) can be formed by condensation of Q-phenylenediamine with 2-
methylglutaric anhydride112 (Scheme 63) • 
Scheme 63 
Xylene ) 
(116) 
Derivatives of the pyrioo[l,2-~]benzimidazole ring system have been 
found to have pharmacological application as analgesic agents.113 
For example, 1, 3-dimethylpyrido [1, 2-~] benzimidazole-4-carbol!ylic 
acid (119, Rl=R2=Me) has been shown to be analgetic against heat-
induced pain in mice. This compound (119, R1=R2=Me) has been formed 
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by the condensation of 2-cyanomethylbenzimidazole (117) with the 
diketone (118, R1=R2=Me) giving the tricyclic compound (119, 
R1=R2=Me) in 85% yield.114 Similarly, other substituted analogues 
(119, R1=Et, R2=Me) and (119, R1=Me, R2=H) have been formed (Scheme 
64). 
Scheme 64 
(117) (118) 
2 (119,R''-'R =Be), 85% 
2 (119,R'=Et,R =Me), 79% 
(119, R'=Me, ~=H), 75% 
Other tricyclic derivatives, such as 2-amino-3-methyl-1-hydroxy-
pyrido[1,2-~]benzimidazole-4-carbonitrile (120), have found 
=mmercial use as photographic sensitizing agents.l13,115 
(120) 
An analogous cyclisation with 1,3-bis-(2-chloromethylbenzoyl)-2-
cyano-2,3-dihydrobenzimidazole (83g) and lithium diisop:r:opylamide in 
tetrahydrofuran was studied. Stirring the mixture for four hours at 
• 
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0°C after generation of the conjugate base (121) at -78°c led, on 
wo:rk-up, to a yellow solid. Recrystallization from petroleum ether 
(b.p. 60-80°C):ethyl acetate, (40:60) gave the cyclised product, 5-
[2-(chloromethyl)benzoyl]benzirnidazo[1,2-~]isoquinolin-11(~)-one 
(123) as yellow plates in 29% yield, m.p. 172-174°C (Scheme 65). 
(83g) 
l 
(121) 
59©, 3 N-e 
-
2 
1 N 1, 6 CH2-c1 
1 
0 
(123) 
8 
9 
T -[HCN] 
I ~I N-~-© l 
(122) 
The molecular formula, c 23H15N2o2cl, revealed by accurate mass 
determination and confirmed by mi=analysis, showed that loss of 
HCN had occurred from (122) concomitant with the cyclisation. The 
infrared spectrum showed the lactam and amide carbonyls at 1675 cm-1 
and 1665 cm-1 respectively, but JX) nitrile absorption was observed 
in the region of 2230 cm - 1• 
A similar concomitant loss of HCN is observed with the analogous 
diaza-Reissert compound (124), giving 5-phenyl-12!!-isoquino[2,3-
_<!]quinazolin-12-one (125), (Scheme 66) as the sole p:roduct.42 The 
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dehydrocyanation enables p-" orbital overlap to occur over the whole 
tetracyclic system and hence give a favourable increase in 
stability. 
Scheme 66 
OCPhN ):eN N H 
~ 0~ 
(124) (125) 
'The mass spectrum of compound (123) showed the molecular ion at m/z 
386 with a relative abundance of 32% and the base peak at m/z 247 
corresponding to the loss of the fragment Clrn2c6H4m by a-cleavage 
to carbonyl. 
There are quite a number of examples in the literature of the 
benzimidazo[l,2-b]isoquinoline system although only few prior to 
1960.116 'The tetracyclic system (123) has been synthesized by the 
reaction of homophthalic acid derivatives with .2_-phenylenediamine. 
For example, use of the nitrile-(126.) or corresponding amide gives 
the tetracycle (127), (Scheme 67), in which an enamine-imine 
tautomerism between (127a) and (127b) is apparently present.117 The 
11(5_!:!)-one form (127a) predominates in hexamethylphosphoric triamide 
solution as revealed by the presence of two deuterium exchangeable 
proton signals in the n.m.r., at o5.72 (H-6) and ol3.0, br, (NH), 
whereas, the 11(6_!:!)-one form (127b) predominates in the solid as 
indicated by the. absence of infrared absorption in the range 3570-
3125 =-1.117 
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Scheme 67 
(128) m.p. 269-270°C 
(127a) 
hCOC1 
yridine 
4% 
(i27b) 
lf: 
(129) 
Sartori et a1. 118 have also reported the synthesis of the 
benzimidazo[l,2-~]isoquinoline ring system by heating a-(2-
benzimidazolyl)-o-toluic acid (130) in acetic anhydride at 60°C over 
a period of one and a half hours (Scheme 68). 
Scheme 68 
(127) 
iil NH4oa, 40-50°c, 30min 
(130) 
Acylation of (127) with benzoyl chloride in pyridine gives theN-
benzoyl derivative (128), 117 (Scheme 67), a close analogue to our 
product (123), whereas condensation with glyoxal occurs at the 6-
position, giving the ethanediylidene derivative (129).118 
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Derivatives of (127) have been patented as their fluorescence is 
useful for marking· mineral oils, and they are of value in the 
preparation of dyes. 119 Boron complexes of derivative (131) have 
application as solar concentrators, when embedded in polymethyl-
acrylate.120 
(131) 
d) 1,2 Rearangement Reacticns: route to benzimida=le-2-cartJoxy'lic 
acid and a 2-benzimida=l.yl ketene 
The behaviour of the conjugate bases (99, R=MeO; EtO; 4-Meoc6H4-) 
was studied in the absence of any added electrophile at room 
temperature in an inert atmosphere of nitrogen gas, to see if an 
internal attack at the neighbouring carbonyl. might take place 
1eading to a rearrangement (Scheme 69). 
The conjugate bases were generated by treating (83) with lithium 
diisopropylamide in tetrahydrofuran at -10°C and allowing the 
mixture to warm to room·temperature. A red-brown calouration was 
observed to develop. 
The solutions of the Reissert anions (99) were stirred at room 
temperature for 6 hours. In each case a brown gum resu1 ted from the 
work-up which was triturated with ethanol and subsequently 
recrystallized from the appropriate sol vent. 
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Scheme 69 
(83) 
(99) 
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(132) 
In the case of the Reissert compound 2-cyano-1,3-bis-(ethoxy-
carbonyl)-2,3-dihydrobenzimidazole (83, R=EtO), the spectral data of 
the product, 1,2-bis-(ethoxycarbonyl)benzimidazole (.133, R=EtO) 
showed a new carbonyl absorption at 1720 cm-1 in the infrared 
spectrum and a second peak at 1710 cm-1. The carbamate carbonyl of 
the starting material was at 1710 cm-1 . Furthermore, the C2-H 
proton signal of the starting material (83, R=EtO) ate 6.42 ppm in 
the proton n.m.r. spectrum had disappeared. The molecular formula of 
the product, c13H14Ji204, as revealed by accurate mass measurement 
and confirmed by microanalysis, corresponded to a net loss of HCN 
from the starting material. The results are in accord with a 1,2-
rearrangement having taken place, Scheme 69, via a fused aziridine 
intermediate (132), the product being 1,2-bis-(ethoxycarbonyl) 
benzimidazole (133b) formed in 47% yield. With starting material 
(83, R=MeO), similar results were observed, the product being (133a) 
(Table 6). 
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TABLE 6 
(133) R Yield % m.p.f'c 
a MeO- 38 166-169 
b EtO- 47 121-123 
c 4-MeOC6Hr 49 189-191 
Use cif 2-cyam-2,3-dihydro-1,3-bis-( 4-methoxybenzoyl )benzimidazole 
(83, R=4-MeOC6H4-) i.e. a his-amide, rather than a his-carbamate, 
under similar conditions also provided a rearrangement, the product 
being 1-(4-methoxybenzoyl)benzimidazol-2-yl 4-methoxyphenyl ketone 
(133c). The diary! ketone carbonyl appeared at 1685 cm-1 and the 
amide at 1660 cm- 1 • Further characterization of the 1,2-
alkoxycarbonyl derivatives (133a) and (133b) was achieved by 
hydcolysis, using p:>tassium hydroxide and aqueous ethanol, to give 
benzimidazole-2-carboxylic acid (134) in 39-41% yield, m.p. 169-
171 °c (lit., 121 1'72-1'74°C), (Scheme 70), <;~nd hence provided a new 
route to this compound. It is noteworthy that unlike 2-methyl-
benzimidazole (p.49) the 2-carboxylic acid did not break down with 
ring opening in ethanolic alkali under reflux. 
Scheme 70 
(13 3a) , R=Me 
(133b) I R=Et 
KOH, aq .EtOH 
reflux 
(134) 
Other routes to compound (134) have be<n reported.l21,122 Copeland 
and Day used potassium permanganate in the oxidation of 2-
hydroxybenzimidazole (135) to give (134) in 71% yield (Scheme 71). 
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Scheme 71 
(135) (134) 
The acid (134) was found to crystallize with molecules of water, 
which could be removed by heating at 80-90°C. Prolonged heating at 
this temperature, however, could also result in the decarboxylation 
of the acid. The pure product ( 134) was therefore normally obtained 
by recrystallization from aloohol.l21 
other 1,2-rearrangement reactions have been reported with conjugate 
bases of aroyl d1loride derived isoquinoline and quirx)line Reissert 
compounds24c, 26 and of quinazoline Reissert compounds42 to give the 
corresponding c-acyl heter=ycle. However, to our knowledge, there 
has been no previous report of rearrangement reactions involving 
chloroformate derived Reissert substrates and hence the _formation of 
compounds (133) from our chloroformate Reissert compounds, (83, 
R=MeO, EtO) (Scheme 69), provide the first reported examples. 
e) Di thioester Fannation 
In the presence of electrophiles, Reissert compound conjugate bases 
have been found to undergo addition reactions which _supersede the 
1,2-rearrangement alternative. 
We examined the use of carbon disulphide as an electrophile as a 
potential route to dithioesters of five-membered ring heter=ycles. 
As a model we studied dithioester formation from an isoquinoline 
Reissert compound, 2-benzoyl-1-cyano-1,2-dihydroisoquinoline (6, 
R=Ph). 
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The Reissert compound (6, R=Ph) obtained by the reaction of 
isoquinoline, potassium cyanide and benzoyl chloride in the presence 
of benzyl trimethylammonium chloride (BTMAC) in a two-phase system, 
was treated with sodium hydride in DMF solution and an excess of 
carbon disulphide added. The method was that used by Popp and 
Wefer24c with the same Reissert heterocycle. A yellow coloured 
solution was formed and addition of methyl iodide to the reaction 
mixture gave the dithioester (136) in 61% yield, (Scheme 72). 
Scheme 72 
~ NaH, 
~N-colf82' 
H CN 
DMF 
Me I 00-co' 
S C( CN 
SMe 
(136, R=Ph) 
The infrared and proton n.m.r. spectra of (136, R=Ph) were in accord 
with the data quoted in the literature. Z4c The mass spectrum gave 
the molecular ion at m/z 350 and the melting point of the sample 
agreed with the literature value reported. 24c 
This method was then extended to the preparation of the di thioesters 
(137) from the Reissert compounds (83, R=EtO, 4-MeOC61:l4 ) obtained 
from benzimidazole (Scheme 73), and the results are slx>wn in Table 
7. 
Scheme 73 
~N-COR 
~N)-~N 
J 
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(83, R=EtO, 4-MeOC6H4) 
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N-COR 
l.cN 
/c'S 
0 I 
COR S-R' 
(137) 
---------------------------------------------------------------------1 
TABLE 7 
i.r. 1 p.m.r S-R' 
(137) R R' Yield % m.p.;Dc vmaxl=- o/ppn 
a 4-MeOC6H4 Me <20 on* 1662 2.61(3H,s,CH3 ) 
b EtO- Me 35 121-124 1710 2.59(3H,s,CH3 ) 
c EtO- Et 32 124-127 1712 3.31(2H,q,rn2 J; 
1.20(3H, t) 
d EtO- Phrn2 . <28 on* 1715 4.46(2H,s,rn2 J 
* impure 
The dithioesters (137b) and (137c) were obtained as yellow crystals 
in only modest yields of 35 and 32% respectively. Compounds (137a) 
and (137d) were isolated as oils which could not be induced to 
crystallize. Flash chromatography failed to separate the impurities 
present, but the mass spectrum of each did indicate a very weak 
molecular ion 3t m/2: 503 for (137<>), end !!'/z 455 for (137d). 
Analogous di thioesters ( 138) of the quinazoline series also show 
very weak molecular ion intensities (2% or less) in evei:y case.42 
(138, R=R1=Me; R=Ph; R'=Me; Et, Ph~) 
The fragmentation pattern of oompound ( 137b) is described in Scheme 
74 and shows a base peak at m/z 118 corresponding to loss of both 
eth:lxycarbonyl groups from fragment m/z 262, possibly as a result of 
a McLafferty type rearrangement. 
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Scheme 74 
r 
m/z 332 (18%) 
l-CN -CS [ c:c:;-co2Et l + 
C02Et 
m/z 262 (23%) 
[ 1-2 X co2c2H4 · ~;-H V 
H 
f) Retro--Reissert Reacticrls with Oll.arofcmnate Darlved Substrates, 
Us:irg' Cru:boxylic llcids 
It was reported recently by Tsizin and co-workers123 that when 2-
ethoxycarbonyl-1,2-dihydroisoquinaldonitrile (139) or 1-
ethoxycarbonyl-1,2-dihydroquinaldonitrile were heated with an 
equimolar quantity of hexanoic, cyclohexanecarboxylic or benzoic 
acid a retro-Reissert reaction occurs, regenerating isoquin:lline (5) 
and quinoline respectively (Scheme 75), together with the ethyl 
ester of the acid used, hydrogen cyanide and carbon dioxide. 
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Scheme 75 
R'COOH 
(139) (5) 
This is a type of transesterification process, interchanging the 
carbamate ester (139) for the ethyl ester of the carboxylic acid 
used. It also avoids the hydrolytic conditions of the conventional 
potassium hydroxide/aqueous ethanol method usually employed to 
achieVe the retro-Reissert proceSs previously discussed (p. 48 ). 
Tsizin and co-workers123 did not report application of their method 
to alkylated Reissert =mpounds and also their quoted yields were 
determined by means of gas liquid chromatography (g.l.c), rather 
than product isolation. We have therefore examir.ed this procedure 
with C-2 alkylated benzimidazole Reissert analogues (83, R=Et, Ph) 
and (100, !{=Et) (Scheme 76). 
Scheme 76 
(83,R=Et,Ph;R'~) 
(lOO,R=Et;R'=Me,Et) 
R
2
COOH (X2) 
130-140°c, 4h · 
2 
R =C 6H5 ,n-CSHll 
(60Y ,R'=H 
(101) ,R'=Me,Et) 
We found that the retro-Reissert process occurred, both with non-
..,. 
alkylated and with C-2 alkylated benzimidazole Reissert =mpounds, 
giving isolated yields of 40-50% (Table 8). 
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TABLE 8 
R2CO H 
Substrata (2 equivaYents) Product Yield m.p./'C 
[a] % [c) 
(83b),R:Et,R':H n-C5H11- (60),R':H 40(35)[b] 178-179 
(83c),R:Ph,R'=H C6H5- (60),R':H 43(37)[b] 178-179 
( 100b),R=Et,R' =Me n-C5H11- ( 101a), R' =Me 40(42)[b] 173-175 
--
( 83b), R=Et,R' =H C6H5- . (60),R':H 45 177-179 
(100b),R:Et,R':Me C6H5- ( 101a) ,R' :Me 50 173-175 
(100c),R:Et,R'=Et C6H5- ( 101b),R' :Et 40(45)[b] 171-173 
[a] Use of 1 equivalent of the acid gave inferior yields. 
[b] Base hydrolysis procedure ca=ied out at room temperature, 10 
hours using 15% potassium hydroxide in aqueous ethanol, gave 
yield in parenthesis 
[c] All products identical with c:cmnercial samples. 
We found that optimum conditions were achieved using two equivalents 
of the acid per mole of Reissert compound, heating at· an oil-bath 
temperature of 130-140°C for 4 hours. 
Retro-Reissert cleavage of 2-cyano-1,3-bis-(ethoxycarbonyl)-2,3-
dihydrobenzimidazole (83b), proceeded in 45% yield with benzoic 
acid, but 40% with hexanoic acid. With the 2-methyl analogue (100b), 
benzoic acid gave a 10% better yield than was obse:rved with hexanoic 
acid (Table 8), so benzoic acid appears to be the better reagent. 
A possible mechanism for the process is sh::)wn in Scheme 77 involving 
an 0-acyl fission process and a mixed carbamic anhydride 
intermediate (140). 
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In this proposal the first step involves protonation on -the carbonyl 
oxygen leading to mixed carbamic anhydride (140), which if followed 
by alcoholysis would lead to the observed products. 
There are two possible driving forces favouring the forward process. 
One is the regeneration of the aromaticity o£ the benzimidazole 
heterocyclic ring [(60) or (101)], and the other is the i=eversible 
step involving the formation of carbon dioxide. 
R.T. Brown and M.J. Jones recently observed124 that f> -keto and 
malonate esters ca=ying an enolisable proton alpha to the ester are 
smoothly dealkoxycarbonylated on heating under reflux for 24-72 
hours with an excess of propanoic or acetic acids. The authors 
postulate initial formation of· a ketene intermediate (142), (Scheme 
78).124 
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Scheme 78 
0 0 (H+ x~6Et 
X=Et0, MeO, Me 
R' = alkyl 
9. 9. R2 - C - 0 - C - R2 
(145), R2 =Me,Et 
-[EtOH] 
The products formed are shown124 as the ketone = mono-ester (144) 
and the symmetrical anhydride (145). The reported yields of (144) 
are 60-97%.124 The mixed anhydride intermediate (143) is analogous 
to the mixed carbamic anhydride ( 140) proposed by us (Scheme 77), 
though reached by a different route. 
In the conclusion of his mechanism (Scheme 78) Brown124 shows not 
alcoholysis of the mixed anhydride (143), but involement of the .. 
organic acid to give the symmetrical anhydride of the organic acid 
as the other product, rather than the ester as shown in our 
mechanism (Scheme 77) and found by Tsizin et al.l23 
If our reaction were to proceed by a m(.ochanism initially analogous 
to Brown's, intermediacy of an isocyanatium ion (146) would be 
required in the conversion of (60) to (140) (Scheme 79). This is 
presumably a possibility although we are not aware of any other 
examples of isocyanatium involvement in reactions of carbamates 
under similar conditions. 
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(140) 
R' CO H 2 
reflux 
F.F. Duarte and F.D. Popp, working in the USA in collaboration with 
us on the retro Reissert procedure using carboxylic acids, have 
obsei:Ved the formation of both the ester (141) and the symmetrical 
anhydride (145) under differing conditions (Scheme 80).125 
Duarte125 observed anhydride (145) formation [route (b)] in 44-59% 
yield, when the acid used was 4-methyl-, 4-methoxy-, or 3,4-
dimet;lx)xy-benzoic acid, with either 2-methoxy- or 2-et;lx)xy-carbonyl-, 
1,2-dihydroisoquinaldonitrile (139, R=Me, Et). However, with 
benzoic acid, the same substrates gave the methyl ester and the 
ethyl ester in 55 and 95% yield respectively.125 In all of the 
reactions a 3:1 molar ratio of substrata to acid was used. 
Scheme 80 
~N-8-0R ~~N 
(139), R=Me,Et 
~ 
~til 
@Q-8-o-~~0 
H CN .. -~'" I 
R'-MeC6H4 ,4MeOC6H4, 3,4Meoc6H3 ,c6H5 
RO-lll H C-R 
<;I (147) ~) 
+ 
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0 
" RCC-R' 
(141), R=Me,R'=Ph 
(141), R=Et, R'=Ph 
(141), R=Ph, R'=Ph 
0 0 
. " R'-c-o-c-R' 
(145), R'=Ph 
Although fonnation of the esters (141) o::uld result from al=h:Jlysis 
of the benzoic anhydride (145, R'=Ph), rather than (147), a high 
yield of the ester (86%) observed by Duarte, 125 when a 1:1 molar 
ratio of substrata (1,2-dihydro-2-phenoxycarbonylisoquinaldonitrile) 
to carboxylic acid (benzoic acid) was used, suggests al=h:llysis of 
(147) may be the more usual pathway [route (a), Scheme 80]. 
Although Brown and Jones show the symmetrical anhydride as a product 
in their mechanism (Scheme 78), they do not quote a yield or report 
its isolation. They used the propanoic acid in large excess 
(50:1).124 
The main use of the base-catalysed retro-Reissert process previously 
. has been to regenerate the aromatic heterocycle after an alkylation 
step at the carbon alpha to the nitrile .. 
This method thus provides a useful alternative procedure to the 
base-catalysed hydrolysis method, giving rise to modest improvement 
in yields of the substituted, or parent unsubsti tuted, hetercx..ycles 
in most cases (Table 8, p.69). 
Our results obtained in the collaborative studies performed with 
Duarte and Popp, on the retro-Reissert procedure under acidic 
conditions, have been published in two papers.l25,126 
g) Some Sbx'lies of Dealkoxycartx:nlaticn Reacticns of Clll.mofar:mate 
Derived Benzimidazole. Reissert ~ ~ Lithium Iodide 
and Tr:imethylsilyl. Iodide as a Reb:c1-Reissert Procedure 
In the retro-Reissert procedure using carboxylic acids an alkyl-
oxygen fission mechanism of the carbamate did n::>t appear implicated. 
Indeed the reaction worked well with 2-cyano-2,3-dihydro-1,3-bis-
(phenoxycarbonyl)benzimidazole. Also with 1,2-dihydro-2-phenoxy-
carbonylisoquinaldonitrile to give the phenyl ester (141, R=Ph, 
R'=Ph) as mentioned above (Scheme 80). 
Ester hydrolysis normally proceeds by an acyl-oxygen cl.eavage 
process. '!he only common examples of hydrolyses involving alkyl-
73 
oxygen fission are observed with ~-alkyl, allyl, or benzyl esters 
i.e. where the alkyl group can come off as a stable carbocation. 127 
Where a molecule is sensitive to acid or base so that normal ester 
hydrolysis procedures carmot be used, methyl and ethyl esters can .be 
cleaved by fission of the alkyl-oxygen bond using lithium 
iodide.l28,129,130,131 
Other methods for ester cleavage include use of lithium 
alkyl thiolates, RSLi, 132• l33, 134 thiols in the presence of Lewis 
acids, e.g. RSH/AlC13 ,
135 boron trichloride, 136, phenyl selenide 
ion, Ph Se-, 137 trimethylsilyl chloride in the presence of sodium 
iodide, 138 or trimethylsilyl iodide, M~Sir.139 Malonate and~ -keto 
esters can be dealkoxycarbonylated by use of water containing LiCl, 
Lii, NaCN or Nac1.140 We have lCXJked briefly at the application of 
two of these methods to the alkoxycarbonyl Reissert compounds of 
benzimidazole. 
We first lCXJked at the use of 1i thium iodide in dimethylformamide 
with 2-cyano-2,3-dihydro-1,3-bis(mettnxycarbonyl)benzimidazole and 
with the bis(ethoxycarbonyl) analogue. 'l11e ,method was based on the 
procedure of Belletire et a1.130 for t~ preparation of ketene 
thioacetals (149) by the fragmentation of pivaloate esters (148) as 
shown in Scheme 81. 
( 148) 
Lii, DMF 
150°C, 2h 
(149) 
Lithium iodide (3 equivalents) was used in dimethylformamide at 
150°C for 2-3 hours and a yield of 40% was achieved for both R=Me 
and R=Et (Scheme 82), using the 1,3-bis(alkoxycarbonyl)-2-cyano-2,3-
dihydrobenzimidazoles (83a) and (83b). 
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Scheme 82 
N-KQ.,~ J"7Cl + -H Li I ,DMF 
1 
N 150°C, 2-3h· 
C02R 
(83a), R=Me 
(83b), R=Et 
©t:-~N 
I 
H 
(60), 40% 
Lithium iodide has also previously been used in 2,4,6-
=llidine.129·141 'Ihe use of =llidine,. (b.p. lnDc), in Scheme 83, 
provided a higher boiling solvent than DMF (b.p. 153°c). 'Ihe 
reactions gave an improvement in yields to 50% with R=Me and 46% 
with R=Et over the use of DMF as solvent (Scheme 82), above. 
Scheme 83 
(83a), R~ 
(83b) , R=Et 
reflux,overnight 
(60), 46% 
(60), 50% 
A very mild procedure for the cleavage of alkyl carboxylic esters 
utilizes trimethylsilyl iodidel39,l42 followed by treatment with 
MeOH/HCl. 'Ihe cleavage of alkyl carbamates has been found to occur 
slightly more rapidly than that of the corresponding alkyl 
esters.143,l44 We applied the reaction as shown in Scheme 84. 
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Scheme 84 
~7~02R l.Me3Sii,CHC13 ,60°C,8h ~ N.;"".CN 2. MeOH, HCl 
I 
C02R 
(83a), R=Me 
(83b), R=Et 
( 150) ( 151) ( 152) 
(60), 52% 
(60), 54% 
(153) 
+ 
The first step in the reaction sequence is likely to involve a 
reversible complexation of the trimethylsilyl groupl43 with the 
ce~rbamates forming the inlermediates (150) and (151). Preswuably 
this initial complexation is enhanced by the presence of the lone 
pair on each nitrogen, thus causing equilibrium to lie more on the 
side of the complex for carbamates than for esters. This can then 
proceed to the bis(trimethylsilyl) carbamate (152) and alkyl iodide 
(153). Methanol/HCl then cleaves the silicon-oxygen bond of the 
bis(trimethy1silyl) carbamate (152) to afford methyl trimethylsilyl 
ether (155) and the bis-carbamic acid (154), which spontaneously 
decarboxylates to produce the amine (60). 
A fresh supply of trimethylsilyl iodide was used on each occasion as 
it is very susceptible to water or moisture in the air. The reagent 
can also be generated in si tu using trimethylsilyl chloride and 
anhydrous sodium iodide in acetonitrile, 144 although we did not use 
this alternative. 
76 
The advantages of trimethylsilyl iodide over lithium iodide as an a-
alkyl cleaving agent are that neutral and milder reaction conditions 
can be used with lower temperatures and with the absence of 
solubility problems in aprotic solvents.142 
.. 
The isolated yields of the heterocycle (60) obtained, were found to 
give a slight improvement over the previous two methods (Schemes 82 
and 83) i.e. 52% from (83a, R=Me) and 54% from (83b, R=Et). 
Employment of trimethylsilyl iodide thus provides a useful 
alternative to the other retro-Reissert procedures examined. 
PARI' [C]: ATTEMPTED FORMATION OF REISSERT COMPOUNDS FROM N-
ALKYLBENliMIDAZOLES 
Having successfully obtained and utilized Reissert =mpounds (83) 
from benzimidazole, using the single non-aqueous phase method with 
trimethylsilyl cyanide (p.34), we =nsidered extending the s=pe of 
the p_-rocedure to the !::!-alkyl a.'18.logues (152). 
a) ~-AlkylaUun of Benzilnidazole 
!::1:-Methylbenzimidazole and !::1:-benzylbenzimidazole were prepared bY 
refluxing benzimidazole with the appropriate alkyl halide and solid 
potassium hydroxide in dry methanol for 5 hours (Scheme 85). The 
method was based on that used by Palmer et a1.145 for the !::!-
methylation of indazole. N-Methylbenzimidazole (152, R=Me) was 
obtained in 82% yield and !::1:-benzylbenzimidazole (152, R=PhCH2 ) in 
62%. 
R-X, solid KOH 
dry MeOH, reflux,Sh 
R=Me, PhCH2 
The p.m.r. spectrum of (152, R=Me) showed a singlet for the !::!-methyl 
group at 03.95and the mass spectrum showed the molecular ion at m/z 
132 with 0.5% intensity, a base peak at m/z 117. 
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Both compounds ( 152, R=Me) and ( 152, R=PhCH2 ) gave melting points 
and infrared spectral data identical to those quoted in the 
literature,l46,147 
b) Attempted Preparatim of !'!-Alkylbenz:imida7nle Rei ssert Chnpoonds 
1. Using aroyl chlorides 
It was thought that substituting the nitrogen atom at position-1 
with an alkyl group would enhance the activity of the molecule in 
forming the quarternary ion (153) at N-3. Alkyl substituents exert a 
weak, base-strengthening effect on benzimidazole (pKa 5.53). For 
example ~-methylbenzimidazole has pKa of 5.57.148 · 
However, when the Reissert reaction was performed using the aroyl 
chlorides, the formation of the Reissert compounds (154) was not 
observed. Instead the reaction resulted in the formation of aroyl 
cyanides o£ type (155) (Scheme 86). 
Scheme 86 
(152)R (155)Ar 
Me a 4-MeC6H4 
Me b 4-ClC6H4 
Me c C6H5 
PhOI2 c C6H5 
N 
+0 
N-C-Ar ~ 
i\.rcocl, cH2c12 
Me3SiCN,AlCl3 ·~ /(~53) 0 
TABLE 9 
0 
:11 
Ar-C-C:eN 
( 155) 
( 155) Yield % (155) 
C=O 
70 1675 
34 1670 
37 1660 
39 1660 
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~t~-Ar ~~....-'1\.CN 
R 
(154) 
ir "max/cm-1 
C=N 
2220 
2226 
2230 
2230 
These oomp:>unds were characterized by a strong C=N stretch signal in 
the infrared spectra between 2220-2230 cm-1 (Table 9), unlike the 
Reissert oomp:>unds where this signal is not usually observed (p.37 ). 
It seems from these results, therefore, that by changing the group 
at N-1 from electron withdrawing acyl to electron releasing alkyl 
(in the formation of the quaternary ion), reduces the electro-
philicity at the C-2 position of (153), hence making attack at the 
side chain carbonyl more competitive [route (b)] than attack at C-2 
[route (a)] (Scheme 87). 
Scheme 87 
~+9 ~~3~~~ 
(a) I ,.. 
I 
COAr 
I 
N-COAr 
IH 
./<eN 
COAr 
(83) 
\ 
~b) 
V'lr-~. ~t;J; 
R 
0 
" +Ar-c-eN 
To confirm the involvement of the heterocycle, a reaction was 
performed between trimethylsilyl cyanide and 12-toluoyl chloride in 
the absence of the heterocycle, e.g. 
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0 
11 
4-MeC6H4-C-CoN 
(155a) 5% yield 
Work-up of the reaction mixture in the normal way resulted in only a 
low yield (5%) of the aroyl nitrile (155a). This was in contrast to 
the high yield of _E-toluoyl cyanide [(155a), Table 9], obtained in 
the presence of _!:!-methylbenzimidazole. 
Somewhat analogous results were very recently reported in a study of 
Reissert compound formation from pyridine ( 52) on treatment with 
trimethylsilyl cyanide and benzoyl chloride.49•149 Benzoyl 
cyanide (156) was the main product (80%), together with a trace of 
the Reissert compound (59) (Scheme 88). 
Scheme 88 
0 PhCOCl © PhCO.CN + ~ '-.......N Me 3SiCN ~ (156),80% N ~N 
-
I 
~ CN CO Ph (52) I Ph 
(59) ' 0.5-3.5% 
The heter=ycle is therefore acting as an acylation catalyst. It 
stDUld w <lOtoo Lhat 4-(di.methylaminojpyridine (157) has been widely 
used as a versatile hypernucleophilic acylation catalyst.l50 
N-(Me)2 0 
( 157) 
2. Using chlorofonnates 
Poppet a1., 47•149 Cooney et a1.148 and, earlier, Winters et a1.45 
had shown that Reissert compound formation could be achieved from 
pyridine when using chloroformates in the place of aroyl chlorides 
[Scheme 26, (p.~O)]. Presumably the reduced electrophilicity of the 
carl>amate carbonyl carbon in intermediate (158), resulting from the 
adjacent oxygen of the OR, makes nucleophilic attack on the ring by 
cyanide more favourable (Scheme 89). 
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Scheme 89 
0 0 ~~~ ~ 0 RCC.:.Cl ~ N ~N t)l CN ' o'<; o+ o=e; 
o·R OR 
(158) (53) , R=Et 
In view of the failure of the Reissert reaction of N-
alkylbenzimidazoles with aroyl chlorides we therefore examined the 
use of chlorofo:rmates in the same procedure. However, we found that 
with the !i-alkylbenzimidazoles, unlike benzimidazole, an anomalous 
reaction occun-ed. The products fo:rmed were 1-alkylbenzimidazole-2-
carbonitriles (159) (Scheme 90). 
Scheme 90 
W N j t;J 
R 
( 152) R':Me,Et,Ph (159), R=Me; 
In the presence of methyl chloroformate, a 52% yield of 1-
methylbenzimidazole-2-carbonitrile (159, R=Me) was obtained from 1-
methylbenzimidazole (152, R=Me). The nitrile absorption appeared as 
a medium intensity band at 2220 cm-1• In the p.m.r. a peak at o3.75 
p.p.m. corresponded to the !i-methyl group and a mul tiplet at <S 8.10-
7.10 p.p.m. corresponded to the aromatic protons. Mass spectrum of 
(159, R=Me) gave the molecular ion at m/z 157 intensity (14%) and a 
base peak at m/z 131. The same product was obtained in the presence 
of ethyl chlorofo:rmate in 56% yield, and in the presence of phenyl 
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chloroformate, in 42% yield. When 1-benzylbenzimidazole (152, 
R=PhCH2 ) was substrata in the presence of ethyl chloroformate, 1-
benzylbenzimidazole-2-carbonitrile, (159, R=PhCH2), m.p. 179-181°C 
(lit., 151 m.p. 181-183) was formed in 53% yield (Table 10). 
TABLE 10 
R10a:x:a (159)R ( 159) Yield % 
" . 
·.::._,._ 
Me Me 52 
Et Me 56 
Ph Me 42 
Me CHzPh 53 
A mechanism may involve coordination of the Lewis acid with the N-3 
of 1-alkylbenzimidazole to give the intermediate (160). Attack by 
C).T8D.ide would give (161), a.'1d hydrol;rsis on work up would give t.'le 
dihydro heterocyc1e (162). Oxidation in air would then provide the 
&vma.tic cumpow!d (l!J9), {Sc.:ht::itne 91) .. 
Schane 91 
~3 
R 
(152), R=Me,PhCH2 
I 
( 160) 
R1 0COCl,AlC13 
Me:fiCN, CH2c12 
R1 =Me,Et,Ph 
( 161) 
82 
~N 
~N .!l._CN 
I 
R 
(159), R=Me; (159),··R=PhCH2 
(31-56%) 
\02 
~~~N 
I 
R 
( 162) 
The increased basicity observed56 of the 1-a1kyl heterocycle 
compared with the 1-acyl (due to the electron releasing inductive 
effect of the alkyl group), would cause the N-3 nitrogen to 
coordinate with the Lewis acid more readily, by donating its lone 
pair of electrons. 
Evidence in the literature152,1 53 has also shown that 2,3-
dihydroimidazoles, i.e. imidazolines and their benzo derivatives 
(163) are very easily aromatized to (164), and syntheses which might 
be expected to yield such dihydro compounds, often afford the 
corresponding aromatic products.l52, 153 
e.g. 
r0.r--;: ~N' R 
· i I 
. , H 
(163) 
W N 11 N /-R 
li 
(164) 
A somewhat analogous nitrile formation to ours has also been 
' 
reported by J. Kant154 in the rection of !!-triazolo[4,3-!!]quinoline 
with benzoyl chloride and Me3SiCN in the presence of aluminium 
chloride (Scheme 92). No explanation was offered. The yield of 
nitrile (165) was 53%. 
Scheme 92 
PhCCCl, AlC13 
Ma3SiCN,C!IzC12 
--.;N 
bJ 
(165) 
We further investigated the mechanism of our reaction by repeating 
it in the absence of the Lewis acid under an .atmosphere of nitrogen. 
This resulted in the recovery of the star~ing material as shown 
(Scheme 93). The role of the Lewis acid therefore is crucial. If 
the chloroformate is omitted oowever, 1-methylbenzimidazole-2-carbo-
nitrile is formed (41%). 
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Scheme 93 
RCXXX::l, Me3SiCN 
~Cl2 ,N2 
(~ 
<+Alcl3l 
Recovered s.m. 85% 
To confirm the identity of the product (159, R=Me) we prepared a 
sample of 1-methylbenzimidazole-2-carbonitrile by a modified 
literature route. 
The syntheses of 2-cyano heterocycles using a modified Reissert 
procedure was first reported by Henze155 in 1936 using the 
hydrochloride of quinoline ~-oxide with benzoyl chloride and 
potassium cyanide to give quinalcbni.trile (166) (Scheme 94). 
Scheme 94 
( 166) 
This reaction is krDwn as the Reissert-Henze reaction, and has been 
reviewed. 156 
Work by Takahashi et a1.157' 158 on benzimidazole-~-oxides ( 169), 
provided the first synthetic application of the Reissert-Henze 
procedure to this heterocycle. This procedure was followed to the .N-
oxide (169)157 and is summarized below (Scheme 95). 
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Scheme 95 
0 0 c:c -='-~oc;J~: + N02 " " _,. I N02 H2s HCO·C-CH I)IH ___ ___,.,3 '- NCHONH OH/ ~ 
Me r. t. . ' 4 
. ht Me EtOH Me overm_g 
( 167) (169), 40% l KCN, H20,PhCCX::l, 
~;t ~~; CN 
(168), 77% 0°C 
Me 
(159), 71% 
The formation of the benzimidazole-~-oxide (169) was effected by 
reacting N-methyl-_Q-nitroaniline (167) with acetic fo:rmic anhydride 
at room temperature to give the formyl derivative (168) in 77% 
yield. Treatment of this with ammonium hydroxide/ethanol and 
hydrogen sulphide gas (forming ammonium sulphide) afforded the 
cyclised product (169) in 40% yield, produced by ring closure 
between the carbonyl group and amino group derived from the nitro 
group by reduction. Also ~-methylbenzimidazole was produced, but not 
isolated. 
This procedure superseded the original synthesis of benzimidazole-!::1:-
oxides by Von Niementoswki 159 in 1887. 
Once prepared, the N-oxide (169) had to be kept under anhydrous 
conditions owing to its reactiveness to moisture in the air. 
Takahashi et a1.158 reported a 71% conversion of (169) to (159) by 
use of potassium cyanide and benzoyl chl=ide in water. However we 
were unable to repeat this procedure satisfactorily. 
For the last step we utilized a modified Reissert-Henze procedure 
reported by Fife et a1.156~ 160 for pyridine-~-oxides (170). The 
authors showed that pyridine-~-oxides oould be converted to the 2-
pyridine carbonitriles (171) in quantitative yields using a non-
aqueous medium of dichloromethane with trimethylsilyl cyanide, and 
dimethylcarbamoyl chloride (Scheme 96). 
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Scheme 96 
Me NCOCl 
2 
( 171) 
This procedure applied to 1-methylbenzimidazole-3-oxide (169) gave 
~-methylbenzimidazole-2-carbonitrile (159) in 45% yield, m.p 175-
1770C (lit., 158 178-179°C) (Scheme 97). 
Scheme 97 
~N ~N~N 
' Me 
(169) ( 159) 
The compound· (159) obtained by this route had identical i.r. and 
p.m.r. spectra to the 1-methylbenzimidazole-2-carbonitrile prepared 
earlier. 
The advantages of the modified Reissert-Henze procedure over the 
original method are that the use of a non-aqueous, non-nucleophilic 
solvent (CH2cl2 ) eliminates potential =mpeting reactions such as 
~ solvolysis of the acyl chloride, ring attack by water and ring 
opening processes.156 
Fife and Scriven156 found that the use of benzoyl chloride was 
inferior to dimethylcarbamoyl chloride in effecting cyanation of the 
pyridine-~-oxides by trimethylsilyl cyanide under similar reaction 
conditions. This was due to a competing pathway taking place 
leading to the formation of benzoyl cyanide by attack of the nitrile 
at the carbonyl group of the intermediate (172).156 
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Cl Cl 
(172) ( 173) ( 174) 
We observed, as discussed earlier (p. 78 ), that reactions of _!:!:-
alkylbenzimidazoles with aroyl chlorides under single, non-aqueous 
phase =nditions gave aroyl cyanides of type (155). 
The use of dimethylcarbamoyl chloride with its lone pair of 
electrons on nitrogen reduces the partial positive charge on 
carbonyl carbon and so reduces the likelihood of similar attack to 
g:i..ve l·l82NCOC:i~ as a producL. FurtheL~more formation of an 
intermediate such as (173) with pentacoordinate silicon becomes 
possible, which could then favour =ncerted delivery of cyanide to 
the 2-position of the pyridine ring (as observed), rather than at 
the 4-posi tion. 
A chloroformate, in place of the carbamoyl chloride could be 
involved similarly ( 174). 
In our reaction, to obtain 1-methylbenzimidazole-2-carbonitrile 
( 159), a mechanism could be suggested similar to that discussed by 
us earlier (p. 43 ) for Reissert compound formation with 
trimethylsilyl cyanide (p.43). This involves the liberation of 
chloride in the first step, which in turn liberates cyanide by 
direct attack on trimethylsilyl cyanide (Scheme 98). 
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Scheme 98 
r"z 
C=O 
I 
Cl 
ii) Cl + Me3SiCN ~ Me)SiCl + CN 
0 
~ 
R 
0 
" <;J -C-N Me 2 _ 
N+ + Cl 
;J 
q 
<?-C-NMe2 
iii) 0 "'.Jr _--~ 
.. 
<;>-C-NMe2 ~N 0 -N 
' CN R 
~ ... _1H t;l CN 
R 
;J_ t;l CN 
R 
(175) ( 159) 
To bring out an advantage of the involvement of dimethylcarbamoyl 
chloride, this mechanism could be modified to incorporate 
=Uination of intermediate (175) with trimethylsilyl cyanide, as 
in intermediate (173), as shown (Scheme 99). 
(159) 
c) Oxidative Cleavage Reactions Using Phosphorus Pentachloride 
With llenzinlidazo:Ie Re:issert Cbl!tpooOOs and Related Heterocycles: 
an alternative route to heterocyclic cartx:nitriles 
As described above we had unexpectedly discovered a route to 1-
alkylbenzimidazole-2-carbonitriles from the attempted Reissert 
reaction of 1-alkylbenzimidazoles with chloroformates and 
trimethylsilyl cyanide. This prompted us to exam:!ne the behaviour of 
benzimidazole Reissert =mpounds towards phosphorus pentachloride, 
as a potential alternative route to benzimidazole-2-carbonitriles. 
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The oxidative cleavage of isoquinoline and quinoline Reissert 
compounds with phosphorus pentrachloride to give the 
heteromylcarbonitrile was first observed by Kaufmann and Dandliker 
in 1913.161 The other products ·are the aroyl chloride, pl'DsphJrus 
trichloride and hydrogen chloride. Thionyl chloride and sulphuryl 
chloride have also been used as reagents, 161 and the reaction 
applied to substituted and fused Reissert substrates.5,162-164 
By following the method of Kirby et al., 162 for the cleavage of 2-
benzoyl-4-chloro-1-cyano-1,2-dihydroisoquinoline by heating with 
phosphorus pentachloride, the application of the procedure to the 
benzimidazole Reissert compounds was performed. Treatment of 1,3-
dibenzoyl-2-cyano-2,3-dihydrobenzimidazole ( 83, R=Ph) with 
pl'DsphJrus pentachloride at an oil bath temperature of 130-13s0C for 
4 hours gave after work-up, benzimidazole-2-carbonitrile (176) in 
37% yield, m.p. 186-188°C (lit., 165 188-189°C). Similarly, use of 
2-cyano-2,3-dihydro-1,3-bis(4-methoxybenzoyl)benzimidazole (83, R=4-
Meoc6H4-) with phosphorus pentachloride gave benzimidazole-2-
carbonitrile in 34% yield (Scheme 100). 
PCls' 4h 
130-135°C• 
~ !t + PC13 + HCl + OCOCl ~'f;'l' CN 
H 
( 176) 
v.urk-up 1 c~ 
Q-PC! 
N-t-R 3 
__.kH 
N CN 
I 
COR 
The infrared spectnnn of ( 176) showed a fairly strong nitrile 
absorption at 2220 cm-1, which was also indicated in the p.m.r. 
spectra by a broad N-H stretch at o 8.05 ppm. This was in contrast 
to the absence of the nitrile signal of the starting Reissert 
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compounds (83, R=Ph, 4-MeOC6H4 ). The mass spectrum of (176) gave 
the molecular ion at m/z 143 (14%) corresponding to benzimidazole-2-
carbonitrile and a base peak at m/z 117. 
The procedure was then extended to the chloroformate derived 
Reissert analogue, 2-cyaoo-1,3-bis( ethoxycarbonyl )2, 3-d:illydrobenzi-
midazole (83, R=EtO), giving benzimidazole-2-carbonitrile (176) in 
42% yield and so establishing the first general application of this 
procedure to the chloroformate Reissert substrates. 
Repeat of the reaction by Kaufmann and Dandlik~61 using 1-benzoyl-
2-cyano-1,2-dihydroquinoline (4) gave quinaldonitrile (178) in an 
improved yield (30%) aver that previously reported by Hamer et al. 
(24-29%), l66 b1,lt lower than that claimed by the original workers of 
55-70%. With 2-benzoyl-1-cyano-1,2-dihydroisoquinoline (6), 
isoquinaldonitrile (179) was obtained in 42% yield. The novel 
extension of the procedure to the chloroformate analogues, 2-cyaoo-
1-ethoA~carbonyl-1,2-dihydroquinoline (177) and 1-cyano-2-
ethoxycarbonyl-1,2-di.hydroisoquinolina (139) gave (178) and (179) in 
28 and 40% yield respectively and use of the pn-cnalazine Reissert: 
compound, 2-benzoyl-1-cyano-1-2,-di.hydrophthalazina (30), provided 
phthalazine-1-carbonitrile (180) in 37% yield, the first successful 
application to this ring system, (Scheme 101), (Table 11). 
Scheme 101 
roH ~ CN 
(4), ~h COR 
( 177) , R=EtO 
GQ-COR 
H CN 
(6)·, R=Ph 
( 139), R=EtO 
~-COR 
H CN 
(30), R=Ph 
90 
@i: 
( 179) 
~ 
~N 
CN 
( 180) 
TABLE 11 
Starting Product Yield % m.p.;<'c lit.' 165-168 
Material m.p.,Pc 
(83), R=Ph (176) 37 186-188 188-189 
(83), R=4-MeOC6H4 (176) 34 185-187 188-189 
(83), R=EtO- (176) 42 187-188 188-189 
( 4)' R=Ph (178) 30 92- 94 94 
(177),R=Et0 (178) 28 92- 94 94 
( 6)' R-Ph (179) 42 86- 88 89 
(139),R=Et0 (179) 40 86- 88 89 
(30), R=Ph (180) 37 146-148 148-149 
A procedure for the preparation of benzimidazole-2-carbonitrile 
(176) has been reported in the literature by Holan et a1.l65 using 
--
benzimidazole-2-trichloromethane (183) with aqueous or ar.hydr'""~ 
ammonia at room temperature. The starting material (183) was 
prepared by reacting the Q-phenylenediamine monohydrochloride (lol) 
with methyl trichloroacetimidate (182) with sufficient cooling to 
offset the initial exotherrnic reaction occurring (Scheme 102). 
Scheme 102 
( 181) 
+ Me0""' 
• ..;-ccl3 HN 
( 182) 
EtOH, r .. t. > N ©t:-N 1.NH40H or 1 1 ~CCI32.anhyd.) '- N ~a 
H N~r.t. H 
(183) (176) 
Treatment of (183) with anhydrous ammonia gave benzimidazole-2-
carbonitrile (176) in 86% yield. However, under aqueous conditions, 
the nitrile (176) was obtained in a lower yield of 50%, together 
with the di-imine (183a) (30%). 
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PARr [D]: PHARMACOLOGICAL ASPECrS OF BENZIMIDAZOLE REISSERT 
aM'OONDS 
We have found that novel five-membered ring Reissert compounds may 
be prepared from benzimidazole. Recently a selection of our 
compounds ( 83) were screened as potential agents for the treatment 
of cancer by the Brussels Laboratory of the National Institutes of 
Health, National Cancer Institute, in Bethseda, Mazyland, USA. 
In 1968, F.D. Popp et a1.169 reported that chloroformate derived 
Reissert compounds from quinoline, when submitted to the National 
Cancer Institute, had shown encouraging antineoplastic activity 
against the L1210 lymphoidal leukemia in mice.170 This was most 
greatly exemplified by 2-cyano-1,2-dihydro-1-methoxycarbonyl-
quinoline [(177a), R:Me], which was found to be highly active. Tests 
performed on the analogous Reissert compounds from isoquinoline 
were, however, not found to be as successful (Table 12). 
ro H N 
I 
COzR 
(4), R:Ph 
(177a), R=Me 
92 
(6) , R:Ph 
(139), R:Et 
( 139a) , R:~1e 
TABLE 12 
Canpound R T/C Ratio Dosage 
(6),(139),(139a) R:Ph, Et, Me <111% 500 ng/kg 
(177a) R:Me 209%. 100 ng/kg 
( 4) R:Ph 113% 400 ng/kg 
T/C : ratio of survival time of treated to control specimens 
expressed as as a percentage. 
The results obtained for the quinoline Reissert compounds led to 
interest being sh;)wn in our Reissert compounds from benzimidazole. 
The results of the NIH testing of our alkoxycarbonylbenzimidazole 
Reissert compounds (83a-c) are given in Table 13. 
(83) R 
a 
b 
c 
Me 
Et 
Ph 
0 
N-~-QR 
I 
1--H 
w"""cN 
I 
0~ 
6R 
(83a-c) 
TABLE 13 
T/C Ratio % 
112 
97 
Toxic 
T/C% :> 120 needed to merit further study. 
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As can be seen from Table 13,2-cyano-2,3-dihydro-1,3-bis(methoxy-
carbonyl)benzimidazole (83a) proved to be an active compound with a 
T/C value of 112%. However the activity is modest, and insufficient 
(T/C < 120) to merit further testing in the NIH protocol. The 
other two compounds were inactive. Compound (83a) is interestingly 
the closest analogue to [(177a), R=Me]. 
Substituted benzimidazoles, such as thiabendazole (184) have been 
reported to have the broadest known spectrum of activity as 
veterinary anthelmintics againat the intestinal nematodes of sheep, 
and are well marketed products. 171 
(184) 
~N ~~j_CH2-No 
CH2 0 (185) 
Cl 
Similar substituted analogues have also had commercial 
pharmaceutical applications as antiinflammatory agents, such as 
clemizole (185), used as an antihistamine and marketed in Europe.l71 
A synthetic route reported for thiabendazole, 2-(4'-thiazoyl)-
benzimidazole (184) utilizes condensation of 4-thiazolecarboxamide 
(186) with o-phenylenediamine in polyphosphoric acid (PPA) at 250°C 
f= 3 hours~l72 The. product (184) is reported to be obtained in 64% 
yield, m.p. 304-30s0c (Scheme 103). 
Scheme 103 
PFA ) 
(186) (184) 
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Routes to analogues of =mpounds (184) and (185) shJuld be feasible 
using benzimidazole Reissert compounds, although commercial 
viability would clearly depend on yields in comparison to 
alternative procedures. 
Compound (159), which was synthesized by us by the reaction of~­
methylbenzimidazole (152) with various chloroformate reagents :in the 
presence of trimethylsilyl cyanide (Scheme 91) (p.B2), has been 
shown to have applications as an antipolio vacc:ine.173 
(159) 
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CliAPl'ER 2 
F'UtCI'IOOALISATIOO AND MDIFICATIOO OF lMilli\ZOLES 
BY THE REISSERT APPRO/\Of 
There are no known examples of monocylic five-membered ring Reissert 
compounds. Indeed, although the formation of Reissert compounds 
from bicyclic six-membered ring heterocycles has received extensive 
study, application of the p=edure to monocylic six-membered rings 
has been little explored and met with limited success. Work with 
monocyclic systems remains a challenging area of interest. 
As mentioned earlier (p.l9 ), the six-membered rings pyrimidine and 
3-methylpyridazine were converted into 1,3-dibenzoyl-2,4-dicyano-
1,2,3,4-tetrahydropyrimidine (56) (59%) and 2-benzoyl-2,3-dihydro-6-
methyl-3-pyridazinecarbonitrile (57, R=Me) (41%) using trimethyl-
silyl cyanide as source of cyanide.178 The analogue (57, R=H) was 
similarly prepared in 24% yield. 46 The low yield (25%) by Winters 
et a1.45 of 1-ethoxycarbonyl-1,2-dihydro-2-pyridinecarbon.itrile (53) 
was improved by Popp et a1.47 using trimethylsilyl cyanide in 
dichloromethane (92%) and by Cooney et al., 48 also in 92% yield, 
using a catalytic amount of benzyltrimethylammonium chloride in the 
2-phase procedure. 
(56) (57) (53) 
~R 
~NXc~ 
I 
CO Ph 
(59) 
Very recently, Popp et a1.49 have prepared pyridine Reissert 
compound (59, R=H) in 0.5-3.5% yield and the 3-substituted pyridine 
Reissert compounds (59, R=OOMe, 30-45%), (59, R=002Me, 16%) and (59, 
R=CN, 13%) using trimethylsilyl cyanide as reagent. 
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Y.-P. Ho, 179 in this Department examined the Reissert reaction with 
py.razole, but the attempt was unsuccessful. Pyrazole itself with 
trimethylsilyl cyanide and ethyl chloroformate in the mole ratio 
1:2:2 gave only 1-ethoxycarbonylpyrazole (187). !:!-Methylpyrazole 
failed to react under Reissert conditions.179 
(187) 
We therefore sought to examine the formation of Reissert oompounds 
from the monocyclic five-membered diazaheterocycle imidazole ( 61) 
using trimethylsilyl cyanide in a single phase medium. 
It had been shown by Staab et a1.6 5 that the lability of 
acylimidazoles (72) to a range of nucleophiles (amines, alkoxides, 
hydrides and qarbanions) could be exploited as a route to amides, 
esters, aldehydes and ketones (p.27). This acyl transfer process 
could compete with Reissert compound formation from imidazole. 
I The deacylation at nitrogen in these processes 
can occur at N-1 or N-3. 
3 0 QN3:~R 
1 1 - . 
o=c Nuc 
fl 
(72) 
With respect to N-1 deacylation, Staab et al. using reactive 
heterocyclic amides (azolides), as above, showed the compounds to be 
highly electrophilic, tmlike that of normal amides, and oomparable 
in reactivity to acyl halides and acid anhydrides.180 
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Although examples of the reactionsof other azolides have been 
reported, 180 the group most extensively studied has been the 
imidazolides as they are relatively easy to handle and to 
prepare.181 Staab's use of the azolides (72) is exemplified in 
Scheme 104 below.65,180-182 
Scheme 104 
c~ N~ 0 r=N Q r-N FN (a) COCl') ~ -C-Q RC02H R~-g + HQ +CO ) - 2 ~ THF THF,r.t. 
(61) (72) 
,J f-N ~ RCONH2 (b) 
-\d ;~ RC02R1 
(72) 
Q FN LiAlH4 +.g (c) R-c-Q RCHO + LiN 
(72) 
~FN R'MgX Mgx(~J (d) R·C-Q RCOR 1 + 
(72) 
PARr [A] REISSERT <XJMPOUND FURMAT.ION FROM IMIZAOOLE: FIRST 
EXAMPLES OF MONOCYCLIC FIVE-MEMBERED RING REISSERT 
a:MPOONDS 
Application of the Reissert procedure to the imidazole ring system 
was studied by reacting imidazole (lmol) with benzoyl chloride 
(2mol) and trimethylsilyl cyanide in anhydrous dichloromethane for 
48 hours at room temperature. Work-up of the reaction mixture and 
recrystallization of the residue from ethyl acetate gave 1,3-
dibenZoyl-2-cyano-2,3-dihydroimidazole (188, R=Ph), as colourless 
needles in 61% yield, m.p. 170-172°C (Scheme 105). 
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Scheme 105 
C3 
H 
{1 rro1)(61) 
ICCX::l {2lro1) I CH£12 
};e3SiCH,AlC13 (cat) e N-COR LH N/CN 
' COR 
{ 188 I R=Ph) 
The i.r. spectrum of (188, R=Ph) showed a strong carbonyl absorption 
at 1660 cm-1. The proton n.m.r. spectrum showed a mu1tiplet at 
58.30-7.41 ppm for the 10 aromatic protons and a singlet at -56.82 
ppm for the C2-H proton. The position of the C2-H proton for ( 188, 
R=Ph) compared favourably with that previously observed for the 
quinazoline Reissert analogue (189) at <56.97. The C4-H and CS-H 
protons of (188, R=Ph) appeared as a singlet at <56.35 ppm for the 
symmetrical disubstituted molecule which is also seen at 57.09 ppm 
for the unsubstituted parent molecule, imidazole {61).185 The mass 
specb:um of =mpound (188, R=Ph) gave the expected molecular ion at 
m/z 303 with a relative intensity of 10.1% and a base peak at rn/z 
105 =rresponding to the benzoyl fragment c6H5CD. 
Me 
ro~N 
I 
CO Ph 
{ 189) 
Use of the aroyl chloride, 2-chloromethylbenzoyl chloride, gave the 
analogous Reissert =mpound 1,3-bis(2-chlo~omethylbenzoyl-2-cyano-
2,3-dihydroirnidazole (188, R=2-ClCH2c6H4 ) in 63% yield. With the 
chloroformates; methyl chloroformate and ethyl chloroformate, 2-
cyano-2,3-dihydro-1,3-bis-(methoxycarbonyl)imidazole (188, R=MeO) 
and 2-cyano-1,3-bis(ethoxycarbonyl)-2,3-dihydroimidazole (188, 
R=EtO) were produced in 59 and 58% yield respectively. The 
application of the aliphatic acid chloride ( 4-chlorobutanoyl 
chloride) provided 1, 3-bis( 4-chlorobutanoyl )-2-cyano-2, 3-dihydroimi-
dazole (188, R=Cl(Of2)3-) in 52% yield. 
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-Table 14 summarises the results for the five imidazole Reissert 
compounds, which all gave satisfactory microanalytical data. 
TABLE 14 
(188) R Yield % m.p.,;Oc Lr. (KBrlr=o C2H 
"C" 
"maxi= o/ppn 
a MeO 59 89- 91 1720 6.40 
b EtO 58 88- 90 1715 6.45 
c Ph 61 170-172 1660 6.82 
d Cl(Cl!z)3- 52 182-184 1670 6.50 
,..,._ .... 
e 2-Clrn:2c 6H4- 63 155-157 1665 6.75 
These products (188) are the first examples of monocyclic five-
membered ring Reissert compounds, and potentially represented new 
synthons for the manipulation of the ring system concerned. Their 
chemj_stry was therefore il'lvestigated. 
PARI' [B] SCME OIEMISTRY OF IMIDAZOLE REISSERT CXMIUlNDS 
a) Intentolecular Alkylatico. 
We found that, as with the benzo-fused five-membered ring Reissert 
compounds (83), the conjugate bases of the monocyclic Reissert 
compounds (188) from imidazole could be generated by the use of 
lithium diisopropylamide (LDA) in tetrahydrofuran (THF). An 
immediate deep brown colouration was given and the evolution of 
hydrogen gas occurred. 
Treatment of the conjugate base (190, R=MeO) with an excess of 
methyl iodide in tetrahydrofuran, under an atmopshere of nitrogen, 
yielded 2-cyano-2,3-dihydro-1,3-bis(methoxycarbanyl)-2-methylimi-
dazole (191, R=MeO, R'=Me) in 45% yield, (Scheme 106). With 2-cyano-
1,3-bis(ethoxycarbonyl)-2,3-dihydroimidazole (188, R=EtO), the 
alkylated Reissert compound (191, R=EtO, R'=Me) was obtained in 47% 
100 
yield. The procedure was also extended to give the 2-ethyl and 2-
benzyl Reissert analogues (191, R=Ph, R'=Et) and (191, R=MeO, 
R'=Phrn2 ) in 41 and 49% yield respectively, (Table 15). 
Scheme 106 
(191) 
a 
b 
0 
d 
~N-cOR LDA, R'-X 
~N)<~N- THF, -78°c 
I 
COR 
(188a), R~ ~ 
llSSbl I R~Eto 
(188c) 1 R=Ph 
R R' 
MeO Me 
EtO Me 
MeO Phrn2 
Ph Et 
(190) 
TABLE 15 
Yield % 
45 
47 
49 
41 
• 
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L N-COR I R' 1\J _..)(CN 
I 
COR 
/ (191) 
R'. 
o/ppn 
2.20 (3H,s) 
2.25 (3H,s) 
7.62-7.20 (5H,m) 
4.10 (2H,s,CH2 ) 
2.80 (2H,q,rn2) 
0.81 (3H,t,Me) 
The above novel compounds (191) all gave satisfactory 
microanalytical data. The proton n.m.r. spectrum for 2-cyano-2,3-
dihydro-1,3-bis(methoxycarbonyl )-2-methylimidazole (19la, R;MeQ, 
R';Me) showed the disappearance of the C2-H proton signal at 6 6.40 
and the presence of the C2-Me signal at 02.20 ppm. The mass spectrum 
showed the molecular ion at m/z 225 with relative intensity of 22%, 
and a base peak at m/z 107, corresponding to a-cleavage at each 
carbonyl of the C-N bond, i.e. loss of 2 x co2Me. A mass 
fragmentation pattern for compound (191a, R;MeQ, R';Me) is given in 
Scheme 107. 
Scheme 107 
[ 
~N-CO.ONfe] '!" 
0__ .. AMe ~ CN 
CO.OMe 
102 
[ rc-JtJ 
b) Retro-Reissert Procedures 
1. Under basic ccoditioos 
We next examined the base hydrolysis of the 2-substituted imidazole 
Reissert compounds (191) as a potential route to 2-alkylimidazoles 
(192), (Scheme 108). 
The use of 2-cyano-1,3-bis(ethoxycarbonyl)-2,3-dihydro-2-methyl-
imidazole (19lb, R=EtO, R'=Me) with potassium hydroxide (15%) in 
aqueous ethanol, with stirring at room temperature for 9 hours, gave 
after work-up, 2-methylirnidazole (192, R'=Me) in 44% yield, m.p. 
141-143°C (lit., 52 , 183, 184 142-143°C). Similarly, treatment of the 
2-ethy1 Reissert ana1ogue (19ld, R=Ph, R'=Et) under the same 
conditions gave 2-ethylimidazole (192, R'=Et) in 43% yield (Table 
16). 
Scheme 108 
(191 b-d) 
Starting Material 
(19lb),R=Et0, R'=Me 
(19ld),R=Ph,R'=Et 
.15% KOH, aq. Et OH 
r.t., 9h. 
TABLE 16 
Product Yield 
Jl. 0 
(192a) ,R' =Me 44 
(192b),R'=Et 43 
(19lc),R=Me0 ,R'=PhCH2 (192c),R'=PhCHz) 35 
[a] b.p. at . 10 mm Hg. 
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(192) 
m.p./'c 
52,183,184 
Lit. ,m.p/'C 
141-143 142-143 
79-81 81- 82 
65-68[a] 66- 68Cd) 
The alkylated imidazole compounds (192a) and (192b) both gave 
satisfactory microanalysis data and the R' groups were seen to 
appear further down field in the , proton n.m.r. spectra i.e. at ~ 2.50 
ppm for compound (192a, R'=Me), and at ~3.15 and 61.02 ppm for 
compound (192b, R'=Et) due to the regained aromaticity of the 
heterocyclic ring. 
2-Benzylimidazole (192c, R'=PhCH2 ) was isolated as an oil which 
oould not be crystallized by trituration using common sol vents nor 
satisfactorily purified, although the p.m.r. spectrum clearly 
indicated the presence of the CH2 protons of the benzyl group as a 
singlet at 64.32 and the absence of the OMe protons at 63.72 ppm of 
the starting material. The oil was seen to decompose on standing 
after 2-3 days forming a dark gum which could not be purified by 
oolumn chromatography. 
An alternative method for the preparation of 2-methylimidazole 
involves the condensation of glyoxal, liquid ammonia (2mol) and of 
acetaldehyde, giving rise to the product (192a, R=Me) in 76% yield 
(Scheme 109).52•183 
Scheme 109 
liq.NH3 (2mol) 
M eCHO ~N;lMe 
' H 
(192a) 
Thus we have achieved a new route to the synthesis of 2-substi tuted 
imidazoles, although to be synthetically useful, higher yields would 
have been preferred and we therefore examined the conversion under 
acidic conditions. 
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2. Under acidic CCI"lditicns 
The application of the retro-Reissert procedure under acidic 
conditions to the 2-alkylated imidazole Reissert compounds, 
exemplified by (19lb) was performed using benzoic acid. 
Use of 2-cyano-1,3-bis(ethoxycarbonyl)-2,3-dihydro-2-methylimidazole 
(19lb, R=Et, R'=Me) with benzoic acid (2mol) at an oil bath 
temperature of 140°C for 4 hours, gave 2-methylimidazole (192, 
R'=Me) in 51% yield. With the unsubstituted Reissert compotmd (188a, 
R=Me, R'=H), under the same conditions, imidazole (61) was obtained 
in 52% yield, (Scheme 110). 
Scheme 110 
cN-C02R PhCOOH (2mol) ~;t J<cN 130-140°c, 4h N R' N R' 
I H C02R 
(188a, R=Me, R'=H) (61, R'=H) 52% 
(l9lb, R=Et, R'=Me) (192' R'=Me) 51% 
The yield of 2-methylimidazole (192, R'=Me) (51%) was a modest 
improvement over that obtained from the retro-Reissert prccess under 
basic conditions (44%) (Table 16, p:il03). This further illustrated 
the usefulness of this alternative procedure in forming 2-
substi tuted and parent unsubsti tuted heterocycles. 
c) Intramolecular Cyclisation Processes: formation of the 
imidazo[l,2,-~]pyridine ring system and formation of an 
imidazo[l, 2-~]isoqu:imline 
As mentioned in the Introduction (p.ll), and found by us with the 
benzimidazole Reissert compounds (p.52), treatment of suitably 
substituted Reissert compounds with strong base can result in an 
intramolecular cyclisation process. 
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The procedure was applied to the appropriately substituted imidazole 
Reissert compounds (188d) and (188e) using lithium diisopropylamide 
in THF at -78°C for 4 hours then at room temperature Olleinight. 'I'h6 
reaction with 1,3-bis-( 4-chlorobutanoyl )-2-cyano-2,3-dihydroimi-
dazole (188d) resulted in the formation of a pale yellow solid. 
Recrystallization of the crude product from ethyl acetate afforded a 
compound m.pt., 124-127°C, of molecular formula c12H14N302Cl as 
revealed by accurate mass spectrometry, and confirmed by 
microanalysis which co=esponds with 1-(4-chlorobutanoyl)-1,5,6, 7, 
8,8a-hexahydro-5-oxo-imidazo[ 1, 2-~] pyridine-8~-carboni trile ( 193) 
(31%) (Scheme 111). 
(188d) 
2 1 Q 
JLtJN~~cH2 >3vl 
N s 
. 5 
0 7 
6 
(193) 
The i.r. spectrum of compound (193) smwed a weak nitrile absorption 
frequency at 2230 cm-1, lactam and amide carbonyl absorption at 1678 
and 1670 cm-1• The nitrile absorption is of interest because it was 
OC>t discernible in the starting material (188d). The proton n.m.r. 
spectrum smwed triplets at <13.75 ppm and o2.95 ppm, corresponding 
to rn2-c1 and rn2m (of the carbamate side group) respectively, and 
mul tiplets at 62.35, and 62.80-2.46 ppm, corresponding to the 
rn2- ~ to the Cl of the side chain and the three 
the lactam ring respectively. The two non-symmetrical alkene protons 
at C2 and C3 were given as doublets at &6.75 ppm and &6.62 ppm 
respectively. The mass spectrum of (193), with molecular ion m/z 
267 (39%) showed a fragment at m/z 240 suggesting the loss of HCN. 
The base peak at m/z 198 corresponded to further loss of the 
elements of ketene. The fragmentation pattern may be represented as 
follows (Scheme 112). 
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Scheme 112 
+ 
m/z 198 (100%, M.-cH2=C=O) 
It was apparent, therefore, that the cyclisation had not been 
accompanied by the concomitant loss of HCN unlike that observed 
previously for the corresponding pyrido[l,2-~]benzimidazole ring 
system (111) (p.53). This presumably reflects the role of the 
~ 
benzo-fused ring in stabilizing, by p-11 orbital overlap, the 
dehydrocyanated product (111). 
(111) 
The synthesis of (193) provides a new route to the imidazo[1,2-a] 
pyridine ring system. 
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The imidazo[1,2-.§!_]pyridine ring system is well known in the 
literature and its chemistry has been review~lB6-lBB Scheme 113 
exemplifies three syntheses. The first (a), involving condensation 
of a 2-aminopyridine with a hal=arbonyl compound, is most commonly 
used.l86,187a,l88 Reactions (b) and (c) involve closure of the 
pyridine ring, as in our syntheses. The Horner-Wittig reaction (b) 
of !-substituted imidazole-2-aldehydes gives imidazo[1,2-.§!_]pyridin-
5-ones.189 Relatively few hexahydroimidazo[1,2-.§!_]pyridines are 
known. Reaction (c) illustrates the formation of the 5-oxo-1,2,3, 
5,6,7-hexahydroimidazo[1,2-.§!_]pyridine derivative (194).190 The 
double bond is at position 8,8a. In our compound (193) it is at 
position 2,3. 
Scheme 113 
RHf-X + 
(a) RO.O 
(c) CNH 2~ N.,J.CHC~Et 
H 
+ IO!O 
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R 0 Rr;~2 
L:::) 
X 
NaH 
THF 
-
N-R' c~=y-C02R 
. RO C~CH2 s 2 
~N'r· 
o:.l.:Jco~ 
R=Et,R'=PhCH2 , (72%) 
(194), R=3-nitrophenyl, (53%) 
Our product (193) appears to be the first example of an imidazo[l,Z-
~]pyridine-8~-carbonitrile. 
Imidazo[l,2-~]pyridines have been screened for their activity as 
antihypertensive, antipyretic, antiinflammatory, analgesic, 
antifungal, anthelmintic and anticonvulsant agents. Certain 
imidazo[l,2-~]pyridines have also been shown to provide respiratory 
stimulant activity.187,l9l,l9Z,l93 Success has also been obtained 
in utilizing derivatives of imidazo[l,2-~]pyridines as non-
depolarizing muscle relaxants and in the treatment of ulcers.187 
The use of imidazo[1,2-~]pyridines as dyes has also been extensively 
studied and there has been some effort to utilize imidazo[1,2-~] 
pyridines as electron acceptors and spectral sensitizers in 
photography. 187 
An analogous cyclisation with 1,3-bis(Z-chloromethylbenzoyl)-2-
cyano-2,3-dihydroimidazole (188e) and lithium diisopropylamide in 
tetrahydrofuran was studied. Work-up of the reaction mixture after 
stirring ior 4 hours at 0°C and then at room temperature overnight 
gave yellow needles of molecular formula c19H13NzOzCl, as seen by 
a=ate mass measurement and mic=analysis. This corresponds to the 
cyclised product 1-(2-chloromethylbenzoyl)imidazo[l,2-2Jisoquinolin-
5(1!:!)-one (196) (33%), (Scheme 114). 
Scheme 114 O~ r~·CCNI_\ 
~1\1 /(H I 
O"'C (5CI ~ 
(188e) 
(195) 
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(196) 
The i.r. spect:rum of (196) showed the presence of the lactam and 
amide carbonyls at 1665 cm-1 and 1660 cm-1 respectively. The loss of 
HO! from the intermediate (195) is analogous to that seen with the 
benzo-fused tetracyclic analogue (123) and in contrast to the 
formation of (193) i.e. the analogue to (195) lacking the benzo 
ring. 
(123) 
However, in a subsequent re-nm of the above reaction over a shorter 
period of 2 hours at 0°C, the tricyclic intermediate, l-(2-chloro-
methylhenzo¥1)-1,5,10,10a-tetrahydro-5-oxo-irnidazo[l,2-E]isaquino-
lin-10~-carbonitrile (195) was obtained in low yield (7%), m.p. 126-
1280C. Seemingly the length of stirring in these reactions was 
crucial in determining whether the carbonitrile (195) or the 
dehydrocyanated compound (196) was obtained, although the low yield 
of (195) suggests that its formation may be only an intermediacy in 
the overall pathway to the major product (196). 
In marked contrast to the imidazo[l,2-~]pyridine ring system, there 
are relatively few previous reports (none prior to 1961) of the 
imidazo[1,2-E]isoquinoline ring system in the literature, however, 
some of these include a few 5-oxo derivatives. For example, 
Johnson1 9 4 reported the preparation of the imidazo[1,2-
E]isoquinolin-5,10-dione (197) using imidazole with Q_-phthaloyl 
chloride and triethylamine in acetonitrile in 32% yield, m.p. 238-
2390C (Scheme 115). 
110 
Scheme 115 
~COCI+ 
l::::_;)- COCI 
(197) 32% 
A closer analogy to (196) is 2,3-dihydroimidazo[1,2-~]isoquinolin-
5(1!!)-one (199, R=H), which results from the condensation of 
homophthalic anhydride (198) (or acid) with 1,2-diaminoethane 
(Scheme 116 ). 195 
Scheme 116 
+mo .... 1/ 
0 
(198) 
(199) 
Compound (199, R=Me), and some other analogues, show 
antiinflammatory acti vi ty.l96 
d) 1,2-Rea=-angement ReactialS: routes to imidazole-2-carboxylic 
acid and an imidazolyl keb:xle 
With the benzimidazole Reissert compounds we had observed that a 
rearrangement reaction occurred when the conjugate base was 
generated at room temperature and stirred in the absence of any 
competing electrophile. We, therefore, examined the possible 
rearrangement of the imidazole Reissert compounda (188) to the 1,2-
disubstituted heterocycle under similar reaction conditions. 
'Ihe reaction of 2-cyano-1,3-bis(ethoxycarbonyl)-2,3-dihydroimidazole 
(188, R=EtO) with lithium diisopropylamide in tetrahydrofuran, 
stirring for 9 hours at rcom temperature, gave after work-up, 1,2-
111 
bis(ethoxycarbonyl)imidazole (200, R=EtO) in 41% yield, m.p. 104-
1060C (Scheme 117). 
Scheme 117 
rJi~OR 
~f)I_ACN 
COR 
(188) ~ 
LDA, THF 
N2 ,r.t. 9h 
e N-COR } -N CN 
I 
COR 
/ (200) 
'!he i.r. spectrum of/(200, R=EtO) showed two carbonyl absorptions at 
1712 and 1722 cm-1 corresponding to the carbamate carbonyl at 
position-! and the ester carbonyl at position-2 respectively. The 
proton n.m.r. spectrum showed the disappearance of the C2-H proton 
of the starting material (188, R=EtO) at 8 6.45 ppm and the presence 
of two doublets assigned to the unsymmetrical alkene C4-H and C5-H 
protons at 86.70 and 6.57 ppm respectively. The mass spectrum of 
(200, R=EtO) gave the molecular ion at m/z 212 with relative 
intensity 32% and as found with the benzimidazole ethoxycarbonyl 
Reissert compounds (p.47), the carbamate grouping was found to 
undergo a McLafferty type rearrangement to give a base peak at rn/z 
67. 
Use of 1,3-dibenzoyl-2-cya=-2,3-dihydroimidazole (188, R=Ph), under 
similar conditions also provided a rearrangement, the product being 
1,2-dibenzoylimidazole (200, R=Ph), in 49% yield, m.p. 199-201°C 
(Table 17). The imidazoyl ketone (200, R=Ph) gave carbonyl 
absorptions at 1675 cm-1 and 1665 cm-1 for the ketone carbonyl at c-
2 and the amide carbonyl group at position-! respectively. 
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(200) R 
a EtO 
b Ph 
TABLE 17 
Yield % 
41 
49 
m.p.f'c 
104-106 
199-201 
A satisfactory mi=analysis was obtained only for compound (200b), 
but further confirmation of the structure of (200a) was obtained by 
base hydrolysis under reflux conditions using potassium hydroxide 
(20%) in aqueous ethanol to give the 2-carboxylic acid (201) in 41% 
yield (Scheme 118). 
Scheme 118 
(200a) (201) 
Other routes to the imidazole-2-carboxylic acid (201) have been 
reported in the literature.197- 199 An early route by Jonesl84b 
involved heating 1-benzylimidazole (202) with an excess of aqueous 
formaldehyde giving almost quantitative yields of 1-benzyl-2-
hydroxymethylimidazole (203). Treatment of (203) with potassium 
permanganate in acetone at 5-10°C for 2 t hours gave 1-benzyl-2-
imidazole carboxylic acid (204). Debenzylation of (204) with sodium 
in liquid ammonia provided imidazole-2-carboxylic acid (201) in 76% 
yield, m.p. 163-164°C (Scheme 119). 
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Scheme 119 
~3 aq.HCHO QNJCH20H 140°c, 4h 1)1 
' CH2Ph CH2Ph 
(202) - (203) 94% 
1 KMno4 
Na acetone 
Ql'jj_C02H 
~NS-10°C 
liq. NH3 
.0--~ C02H 
H CH2Ph 
(201) 76% (204) 84% 
A more recent route has been reported by eurtis and Brown200 using 
imidamle protected as the ort:OOamide ( 205), prepared by heating the 
imidazole with triethyl orthoformate in the presence of _e-
toluenesulplxmic acid catalyst at 130°C with continuous removal of 
the ethanol produced. Treatment of (205) with n-butyllithium in 
hexane at -3s0c in THF for 15 minutes gave the 2-lithio_anion (206), 
which on treatment with carbon dioxide yielded imidazole-2-
carboxylic acid (201) in_ 75% yield (Scheme 120). 
Scheme 120 
fill 
'-...N./ 
I 
CH(OEt)3 
H 
Solid 002 
r.t. 
(201) 75% 
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~0 
CH(OEt)2 
(205) 
lnBuLi, -35°c 
~N0. Lt 
CH(0Et)2 
(206) 
e) Dithioester Rmnaticn 
As previously performed with the five- and six-membered ring benzo-
fused Reissert compounds, the electrophilic addition of carbon 
disulphide and the imidazole Reissert conjugate base (190) was 
studied. 
The use of 1,3-dibenzoyl-2-cyano-2,3-dihydroimidazole (188c, R=Ph) 
(1 mole) with lithium diisopropylamide in the presence of carbon 
disulphide (4 mole) and methyl iodide (2 mole); under an atmosphere 
of nitrogen, gave after w=k-up, yellow needles of 1,3-dibenzoyl-2-
cyano-2,3-dihydro-2-methylthiothiocarbonylimidazole (207, R=Me) in 
39% yield, m.p. 145-148°C, (Scheme 121). 
Scheme 121 
~NJ~~OPh 
' CO Ph 
IDA. THF ) C N-COPh ).eN N C'5 
COPh 'S-R 
(188c) (207) 
~NJ~~OPh 
I 
CO Ph 
(190) 
The i.r. spectrum of (207, R=Me) showed a carbonyl absorption at 
1662 cm-1 and p.m.r. spectrum showed the s-methyl protons as a 
singlet at 82.55 ppm. The mass spectrum of =mpound (207, R=Me) gave 
the molecular ion at m/z 393 with relative intensity 12%, and a base 
peak at m/z 105, corresponding to c6H5co i.e. benzoyl cleavage, 
(Scheme 122). 
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Scheme 122 
[ 
c;~~Ph ] ; 
~ C'S 
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m/z 393 (12%, c20H15N3o2s2) 
[ 
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I 
CO Ph 
m/z 346 (31%, c19H12N3o2s, 
1-[CN] -[CS] f f;FOPh I+ 
COPh + 
m/z 276 (28%, M -cN,cs2Me) 
+ M -SMe) 
Extension of the procedure using the Reissert compound (188c) and 
carbon disulphide with ethyl iodide gave a yellow gum. Attempted 
trituration of the gum and column ci=matography, using Kieselgel 60 
flash silica and a 30:70 ethyl acetate:petroleum ether (b.p. 62-
800C) mixture as eluent, gave 1,3-dibenzoyl-2-cyaoo-2,3-dihydro-2-
ethylthiothiocarbonylimidazole (207, R=Et) as an impure oil (27%), 
b.p. 92-95°C at 5 mmHg (Table 18). 
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(207) R 
a Me 
b Et 
·Yield% 
39 
27 
[a] b.p. at 5 mnHg 
TABLE 18 
i.r. C=O 
m.p.,Pc vmax/cm-1 
145-148 1662 
92- 95[a] 1670 
p.m.r. S-R 
a/ppn 
2.55(3H,s) 
3.20(2H,q,CH2 ) 
1.30(3H, t,Me) 
A satisfactory miczoanalysis was obtained for compound (207a), but 
not for compound (207b), oowever the data obtained from the i.r. and 
the p.m.r. spectra of (207b) gave confirmation of the structure. 
117 
OIAP.l'ER 3 
F'tllCl'IOOALISATICN AND MDIFICATICN OF 
2-PHEl'lYL-1,3,4-<lXADIAZOLE AND 2-PHENYL-1,3,4-THIADIAZOLES 
BY WE REISSERI' APl'ROI\al 
Having successfully obtained the first examples of Reissert 
compounds from benzimidazole and imizadole by use of a non-aqueous 
single-phase system, we next examined the application of the 
procedure to the 1,3,4-oxadiazole and thiadiazole systems. 
Previously it had been shown by Alemagna and Bacchetti that 
treatment of 2-phenylthiadiazole (210) with benzoyl chloride and 
potassium cyanide under aqueous conditions gave only the ~-acyl 
pseudo-base (211} (Scheme 123). 201 
Scheme 123 
N--N 
Ph~s~ 
PhCX:Cl N--N-COPh Ph~s *~H 
(210) (211} 
It was therefore hoped that the use of a non-aqueous single-phase 
medium would provide a route to Reissert compounds from these 
heterocycles which would be first examples in each series. 
PARI' [A]: REISSml' CDMPCXlND FOOMATI<N STUDIES wmi 2-PHEl'lYL-1,3,4-
0X1\DIAZOLE 
a) Preparati.cn of 2-l'her\Yl-1,3,4-<lXadi.azole (209) 
The oxadiazole (209) was prepared by the route shown in Scheme 124. 
Reaction of ethyl benzoate and hydrazine hydrate gave benzoic acid 
hyclrazide (208) (89%). 202 This was then heated under reflux with 
triethyl orthoformate. .203a Mter removing the excess orth:Jester, 
the resulting oil was distilled under vacuum to give (209) (68%) as 
colourless plates, m.p. 33-35°C (lit., Z03a 34-35°). 
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Scheme 124 
N-N 
HC(OEt) 3 P~Et + H2N.NH2 reflux PhCONHNH2 reflux, ovemight PhZo;J 
(208) (209) 
The p.m.r. spectrum showed the CS-H proton as a downfield singlet at 
8.45 and the aromatic protons at 8.05-7.00. The mass spectrum of 
(209) gave the expected molecular ion at m/z 146 with a relative 
intensity of 21% and a base peak at m/z 77 =rresponding to c6H5• 
b) Att:.empWd Preparati.cn of Reissert Ccmpoonds from 2-Phenyl-1,3,4-
0xadiazole 
Attempts to fonn a Reissert =mpound from 2-phenyl-1,3,4-oxadiazole 
(212) were perfonned using trimethylsilyl cyanide, benzoyl chloride 
and anhydrous aluminium chloride in dichloromethane. The reaction 
mixture was stirred for 48 h:lurs at room temperature, but upon work-
up only reoovered starting material (209) (87%) was obtained. The 
use of methyl chloroformate in place of benzoyl chloride under 
identical =nditions again gave recovered 2-phenyl-1,3,4-oxadiazole 
(209) (89%) only. Similarly, use of ethyl chloroformate gave 
reoovered starting material (209) (Scheme 125). 
Scheme 125 
(209) 
:RCOCl ,fu3SiCN ~ 
AlC13 , rn2c12 ~ 
R=Meo, Et.o, Ph 
N--N-COR 
) lt )H ,Ph~O CN 
(212) 
Having failed to obtain any reaction under the non-aqueous single-
phase condition we carried out one reacton under two-phase 
. =nditions (OizClzHzO) using benzoyl chloride, with benzyltrimethyl-
ammonium chloride as phase transfer catalyst. However this also 
gave a high yield ( 79%) of recovered starting material. 
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Following the failure of the preparation of Reissert compounds from 
2-phenyl-1,3,4-oxadiazole, attention was then directed to the 1,3,4-
thiadiazole ring system. 
PARr [B] : REISSERT CDMPOOND FORMATION STUDIES WI'IH 2-PHENYL-1,3,4-
THIADIAZOLE 
a) Pmparatim of 2-Phenyl-1,3,4-thiadiazole (210) 
2-Phenyl-1,3,4-thiadiazole (210) was prepared directly from 2-
phenyl-1,3,4-oxadiazole (209) using sublimed phosphorus 
pentasulphide in refluxing xylene overnight.204a The known procec1ure 
gives two products, 2-phenyl-1,3,4-thiadiazole (210) which we 
obtained in 39% yield, and 2-phenyl-1,3,4-thiadiazoline-5-thione 
(213) which was given in 25% yield (Scheme 126). 
Scheme 126 
xylene, reflux + 
(209) (210) (213) 
The p.m.r. spectrum of 2-phenyl-1,3,4-thiadiazole (210) showed a 
singlet at 08.95 ppm i.e. more deshielded than the C5-H proton in 2-
phenyl-1,3,4-oxadiazole ( 08.45 ppm). The mass spectrum of (210) 
gave the expected molecular ion at m/z 162 with a relative intensity 
of 29% and a base peak at m/z 77 corresponding to c6H5• 
b) Fcmnatim of Reissert Canpourrls fton 2-Phenyl-1,3,4-thiadiazole 
As mentioned earlier (pJ18), the attempted preparation of 
thiadiazole Reissert compounds using aqueous alkali or cyanide 
resulted in the formation of the ~-acyl pseudo-base (211). We 
firstly examined the reaction of 2-phenyl-1,3,4-thiadiazole (1 mole) 
with methyl chloroformate (1.5 mole), trimethylsilyl cyanide and a 
catalytic amount of anhydrous aluminium chloride in dry 
dichloromethane for 48 hours at room temperature. Work-up of the 
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reaction mixture and recrystallization of the residue from absolute 
ethanol gave as pale yellow rhombs, 5-cyano-4,5-dihydro-4-
methoxycarbonyl-2-phenyl-1,3,4-thiadiazole (214, R=MeO) in 72% 
yield, m.p. 111-113°C (Scheme 127). 
Scheme 127 
( 1nol) (210) 
MeOCCCl (1.5nol) ,Me2SiCN 
A1Cl3 ,CH2Cl2 
I I H Nz-N-C02Me 
Ph 5 _..-XcN 
(214) 
The i.r. spectrum of (214, R=MeO) observed a strong carbamate 
carbonyl absorption at 1715 cm-1 • The p.m.r. spectrum showed the 
methoxy group as a singlet at o3.95, the C5-H proton as a singlet at 
o6.40 and the aromatic protons as a multiplet at 07.75-7.25 ppm. 
The mass spectrum of compound (214, R=MeO) gave the molecular ion at 
m/z 247 with a relative intensity of tS"'% and a base peak at m/z 162 
corresponding to a -cleavage to the carbonyl of the N-C bond and the 
loss of cyanide (Scheme 128). 
Scheme 128 
[ ¥1 JN~CO.OMe l '!' Ph~S CN 
m/z 247 (15%,c11H9N3o2S) ~ ·(C02Me) + 
[ Ph~SJ~N l 
J · (CN) 
[ pl_)H 
121 
Use of ethyl chloroformate gave the analogous Reissert oompound, 5-
cyano-4-etooxycarbonyl-4,5-dihydro--2-pheny1-1,3,4-thiadiazole (214, 
R=EtO) in 79% yield. With the aroyl chlorides, 4-methoxybenzoyl 
chloride and 2-chloromethylbenzoyl chloride, 5-cyano-4, 5-dihydro-4-
( 4-methoxybenzoyl )-2-phenyl-1,3,1-thiadiazole (214, R=MeO c6H4 ) and 
4-(2-chlorcmethylbenzoyl)-5-cyano-4,5-dihydro-2-phenyl-1,3,4-thia-
diazole (214, R=2-ClCH2c 6H4 ) were produced in 81 and 84% yield 
respectively. The application with the aliphatic acid chloride (4-
chlorobutanoyl chloride), provided 4-(4-chlorobutanoy1)-5-cyano-4,5-
d:i.hydro-2-phenyl-l,3,4-thiadiazole (214, R=Cl(UI2 )3-) in 83% yield. 
Table 19 summarises the results for the five thiadiazole Reissert 
oomp::xmds, which all gave satisfacto:ry microanalytical data. 
N--N RCCCl,Mo>aSiCN N --N-COR 
Ph-t_s;J ) Phzs;~N AlC13, rn2c12 
(210) (214) 
'I'ABLE 19 
i.r. (I<Br)r---o . C5-H 
(214) R Yield % m.p.,Pc .vmax/cm- o/wn 
a M30 72 111-113 1715 6.40 
b EtO 79 97- 99 1712 6.39 
c 4-M30C6H4- 81 167-169 1665 6.45 
d Cl(rn2 )3- 83 110-112 1675 6.65 
e 2-ClCH2C6H4 84 130-132 1660 6.68 
These products (214) thus provide the first examples of morx:x::yclic 
five-membered ring Reissert compounds containing 3-heteroatoms. 
Their chemist:ry was further investigated. 
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The striking success of the Reissert reaction with 2-phenyl-1,3,4-
thiadiazole makes the failure of the analogous reaction with the 
1,3,4-oxadiazole all the more surprising. One might have expected 
the reverse behaviour in that the oxadiazole (209) would appear from 
the chemical shift of its ring protons (08.45) to be less aromatic 
than the thiadiazole (210) (C5-H, li8.95), and therefore more 
susceptible to the addition piOCeSS. It is nevertheless pertinent 
to point out that Uff et al. had found that benzothiazole generally 
gave high yields of Reissert compounds (86) (up to 86%) whereas 
with benzoxazole yields of Reissert compounds ( X ) were in the 
range 43-50%. 6 
(86) (X) 
PARI' [C]: SOME CHEMISTRY OF 2-PHENYL-1,3,4-THIADIAZOLE REISSERT 
CXl1PCXJNDS 
a) Intenrolecular Alkylation 
The alkylation reaction of the novel thiadiazole Reissert compounds 
(214) was examined as a potential method for introducing 
substituents in the C-5 position. The conjugate bases (215) were 
found to be readily generated by the milder base, sodium hydride, in 
DMF at 0°C. This was in contrast to the five-membered ring 
heterocycles previously studied by us, benzimidazole and imidazole, 
where the use of the stronger base, lithium diisopropyl amide was 
necessary (]l).45, 100) . The formation of the carbanion ( 215) was 
indicated by a deep purple colour appearing after a minute of 
addition, and the evolution of hydrogen gas. 
The reaction of Reissert compound, 5-cyano-4,5-dihydro-4-methoxy-
carbonyl-2-phenyl-1,3,4-thiadiazole (214, R=MeO) (1 mole) with 
sodium hydride (1.5 mole) and an excess of ethyl iodide in dimethyl-
formainide, under an atmosphere of nitrogen, yielded 5-cyano-5-ethyl-
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4,5-dihydro-2-phenyl-1,3,4-thiadiazole (216, R=MeO, R'=Et) in 44% 
yield, (Scheme 129). The p.m.r. spectrum of (216, R =MeO, R'=Et) 
showed the disappearance of the CS-H proton signal at a 6.40 and the 
presence of the C5 ethyl protons at o 0.91 (CH2cH3 ) and o2.90 
(CH2CH3 ) ppm. The mass spectrum showed the molecular ion at m/z 
275 with relative intensity of 33% and a base peak at m/z 216 
corresponding to a -cleavage to carbonyl of the amidic N-C bond. 
Extension of the procedure to 5-cyano-4-ethoxycarbonyl-4,5-dihydro-
2-phenyl-1,3,4-thiadiazole (214, R=EtO) and 5-cyano-4,5-dihydro-4-
( 4-methoxybenzoyl )-2-phenyl-1, 3, 4-thiadiazole (214, R=4-MeOC6H4) 
gave the 5-methyl derivatives (216b, R=EtO, R'=Me) and (216c, R=4-
MeOC6H4, R'=Me) in 47 and 43% yield respectively, (Table 20). 
Scheme 129 
(216) R R' 
a MeO Et 
b EtO Me 
c 4-MeOC6H4 Me 
NaH (1.5mole) ,DMF) 
R'-X,0°C 
(215) 
TABLE 20 
Yield % 
44 
47 
43 
(216) 
cs·.,_R' 
o/ppn 
2.90 (2H,q,CB~) 
0.91 (3H,t,Me 
2.30 (3H,s,Me) 
2.20 (3H,s,Me) 
All the above novel compounds (216) gave satisfactory micro-
analytical data. 
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b) Ret::m-Rei ssert React:i.cns 
i) Under basic conditions 
The hydrolysis of the alkylated thiadiazole Reissert compounds 
(216) as a potential route to 5-substituted thiadiazoles was 
examined under basic conditions (Scheme 130). Treatment of 5-cyano-
4-ethoxycarbonyl-4,5-dihydro-5-methyl-1,3,4-thiadiazole (216, R"EtO, 
R'"Me) with potassium hydroxide (15%) in aqueous ethanol for 4 hours 
under reflux gave the known oompound, 5-methyl-2-phenyl-1,3,4-thia-
diazole (217, R',Me) in 46% yield, m.p. 103-105°C (lit., 206 106-
lO~C).. Extension of the procedure to 5-cyano-5-ethyl-4,5-dihyd:ro-
4-methoxycarbonyl-2-phenyl-, 1, 3, 4-thiadiazole ( 216, R"MeO, R' "Et) 
gave 5-ethyl-2-phenyl-1,3,4-thiadiazole (217, R',Et) in 47% yield, 
m.p. 113-115°c (lit., 204b li5-116°c). 
Scheme 130 
N N-cOR 15% KOH,aq.EtOH Phk 5 )~!'l reflux, 4h. 
(216, ~EtO, R'=Me) (217 I R'=Me) (46%) 
(216, R=MeO, R'"'Et) (217, R',Et/ (47%) 
Spectral analyses of 5-methyl-2-phenyl-1,3,4-thiadiazole (217, 
R'"Me) showed the disappearance of the carbamate carbonyl signal of 
the starting material (216, R"EtO, R',Me) in the i.r. at 1715 cm-1 
and a downfield shift of the C5-Me protons to <52.55 ppm. 
Other routes to 5-methyl-2-phenyl-1,3,4-thiadiazole (217, R',Me) 
have been reported. 204,206,207,208 One example is the reaction of 
thiobenzhydrazide (218) with a 10% solution of acetaldehyde in 
ethanol which leads to the product (217, R'=Me) in 63% yield, 
(Scheme 131).208 
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Scheme 131 
PhC~ 10%,at.MeQ10 
EtOH,r.t.overnight 
(218) (217, R'=Me) ,(63%) 
ii) Under acidic conditions 
The application of the retro-Reissert reaction under acidic 
conditions was also examined, first using 5-cyano-4,5-dihydro-4-
methoxycarbonyl-2-phenyl-1,3,4-thiadiazole (214, R=MeO, R'=H) with 
benzoic acid at an oil bath temperature of 130-140°C for 4 hours. 
This gave 2-phenyl-1,3,4-thiadiazole (210, R'=H) in 49% yield. 5-
Cyano-4-ethoKycarbonyl-4,5-dihydro-5-methyl-1,3,4-thiadiazole (216, 
R=EtO, R'=Me) gave 2-methyl-5-phenyl-1,3,4-thiadiazole (217, R'=Me) 
in 50% yield, (Scheme 132). 
Scheme 132 
(214, R=MeO) , R' =H 
(216, R=EtO), R'=Me 
PhCOOH(x2) 
130-140°C,4h. 
(210, R=H), (49%) 
(217, R'=Me), (50%) 
As found in previous applications of this procedure to benzimidazole 
(p. 67) and imidazole (p.105) Reissert analogues, a slight improvement 
in yield of the 2-substituted thiadiazcile compound (217, R'=Me) over 
that from the basic hydrolytic procedure was observed, [(46%), 
Scheme 130]. 
This further illustrated the usefulness of the method as an 
. alternative retrosynthetic route to a-all{ylated !:!:-heter=ycles. 
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c) Intramolecular qyclisaticn Processes: formation of the 1,3,4-
thiadiazolo[3,2-_!!]pyridine ring system and tOO formaticn of tOO 
1,3,4-thiadiazolo[3,2-b]isoquinoline ring ~ 
The intramolecular cyclisation reactions of suitably substituted 
thiadiazole Reissert cbmp::>unds (214) were examined. 
We firstly investigated the behaviour of 4-(4-chlorobutanoyl)-5-
cyano-4, 5-dihydro-2-phenyl-1,3,4-thiadiazole (214d) with sodium 
hydride in dimethylfonnamide. The reaction mixture was stirred at 
o0 c for 4 hours and then at =m temperature overnight. Work-up of 
the mixture gave a yellow precipitate, which was recrystallized f=m 
ethyl acetate to give yellow needles, m.pt. ll9-122°C, thought to be 
the cyclised product, 6,7,8,8a-tetrahydro-5-oxo-2-phenyl-~-1,3,4-
thiadiazolo[3,2-_!!]pyridine-8_!!-carbonitrile (219) in 25% yield, m.p. 
ll9-122°C (Scheme 133). 
SchEme 133 
(214d) 
0 
3 4~ N--N 6 
I, I 
PhKs --l ) 7 
1 c« 
(219) 
The i.r. spectrum of (219) showed a nitrile absorption of medium 
intensity at 2230 cm-1 and a lactamic carbonyl absorption at 1680 
cm -l. The proton n.m.r. spectrum showed mul tiplets at a 3.00-2.15 
(6H) and 57.95-7.10 (5H) for the aliphatic and aromatic protons 
respectively. The mass spectrum revealed the molecular ion (m/z 257) 
with relative intensity (35%) and a fragment at m/z 230 
corresponding to the loss of HCN. The base peak was at m/z 188 
corresponding to further loss of the elements of ketene. A 
satisfactory microanalysis was also obtained giving further 
confirmation of the structure of (219). 
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There have been very few examples of the synthesis of the 
thiadiazolo[3,2-~]pyridine ring system (219) reported in the 
literature209-215, and some of these concern the pyridinium salt 
form (220) of the ring system.209,210,211,212 
~srt) x 
(220) 
Only four papers report the syntheses of the 5_!!-1,3,4-thia-
diazolo[3,2-~]pyridine ring.212• 213,214,215 There are= examples 
with the oxidation level reported by us. The two most recent 
syntheses212•213 are shown in the Scheme 134. Cyclisation of the 
glutaconylthiosemicarbazide (221) gives a mixture of 2-amino-7-(4-
methoxyphenyl)-5_!!-1,3,4-thiadiazolo[3,2-~]pyridin-5-one (222) and 
the oxadiazolopyridone analogue (223). In vitro antituberculosis 
testing showed both to be inactive against Mycobacterium tuber-
culosis (IJ37R,).212 Potts and Kanemasa213 formed the ring system 
by conversion of the thiadiazolothione (224) to the mesoionic 
intermediate (226) which undergoes 1,3-dipolar cycloaddition with 
di.methyl acetylenedicarboxylate to give (228) on expulsion of 
sulphur from adduct (227).213 
0 0 
Scheme 134 HO 0 
HN--n N-D N-D H2N~s ' I R + I I (a) H2N~s I R H2N(o '- R 
(221) 1 R=4-MolCC6H4 (222) (223) 
N--N~ * -N--N H PhCHBJ:COC1 N--N~O MeZ s Js NEt3 Me~ 5 Js :r ____. I I I (b) N(sks. Ph 
(224) (225) (226) 
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One recent example of the formation of the thiadiazolopyridinium 
system (220) is 2-(4-methoxyphenyl)-5,7-diphenyl-l,3,4-thiadia-
zolo[3,2-~]pyridinium chloride ~30) by Molina et a1.210 This was 
prepared from 4-methoxybenzonitrile and l-amino-4,6-diphenyl-
pyridine-2(1!:!)-thione (229) as srown in Scheme 135. 
Scheme 135 
6 
OMe 
~N~ 
+ sJ0Ph 
/ 
Ph 
/ Ph s 
+0 H~NlN ..,_ 
(229) MeO (230) 
The intramolecular cyclisation of 4-(2-chloromethylbenzoyl)-5-cyano-
4,5-dihydro-2-phenyl-1,3,4-thiadiazole (214e) was also studied. 
Treatment with sodium hydride in dimethylformamide at o0 c under 
nitrogen gave, on work-up, an oil. T.l.c. using a 40:60 mixture of 
ethyl acetate:petroleum ether (b.p. 60-80°C) revealed an impurity 
with an Rf value o:f 0.62 which was close to that of the more intense 
spot at Rf 0.73. However, separation was achieved by adding an 
ethyl acetate: hexane mixture (1:4) to the oil. This precipitated 2-
phenyl-1,3,4-thiadiazolo[3,2-b]isoquinolin-5-one (232) in 21% yield 
(Scheme 136). 
Scheme 136 N-N-gQ 3 4 NaH,r:MF N--N 7 
0°C, N2 Ph~s Ph,...(!_sj~N -Cl 8 
1 10 9 
(214e) (232) 
~ / 
N Ph~s 
(231) 
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The i.r. spectrum of (232) showed the presence of the lactam 
carbonyl at 1670 cm-1• No nitrile absorption signal was observed in 
the region of 2220 cm -l and the mass spectrum gave the molecular ion 
at m/z 278 with relative intensity 24% and a base peak at m/z 77 
corresponding to c6H5. The molecular mass indicated the product to 
be (232) rather than (231). 
A search of Chemical Abstracts up to the end of 1987 (volume 107) 
has revealed only one previous example of the synthesis of the 
1,3,4-thiadiazolo[3,2-~]isoquinoline ring system. Takahashi et 
al.209 reported the synthesis of four 2-aryl-1,3,4-thiadiazolo[3,2-
~]isoquin:)lin-5-thiones (235), by condensing romophthalic anhydride 
(233) with an acyl hydrazine and cyclizing the product with 
phosplx>rus pentasulphide. For example, use of benzoic hydrazide in 
the sequence gave (235, R=Ph) in 44% overall yield (Scheme 137). 
Scheme 137 
~+ 
(233) (234) 
(235) 
It can be seen, therefore, that the intramolecular cyclisation 
reactions of the thiadiazole Reissert compounds (214d) and (214e) 
have provided new routes to the synthesis of the novel 5!!-1,3,4-
thiadiazolo[3,2-~]pyridine and 1,3,4-thiadiazolo[3,2-~]isoquinoline 
ring systems. 
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d) Rearrangement React:i.als: rmtes to 2-J:i!enyl-1,3,4-thiadiaU>le-
5--carlJoxylic acid and to a 1,3,4-thiadia=lyl ke1xne 
As observed with previous six- and five-membered ring Reissert 
compounds, if the conjugate base is generated in the absence of a 
=mpeting electrophile, a rearrangement reaction can oocur. 
Treatment of the Reissert =mpound, 5-cyarx:>-4-ethoxycartlonyl-4,5-di-
hydro-2-phenyl-1,3,4-thiadiazole (214, R=EtO) with sodium hydride in 
dimethylformamide at 0°C for 9 hours resulted on work-up in the 
formation of yellow rhombs considered to be 5-ethoxycarbonyl-2-
phenyl-1,3,4-thiadiazole (236, R=EtO) (39%), m.p. 118-121°C (Scheme 
138). 
'· 
Scheme 138 
(214, R=Eto) (236, R=EtO) (39%) 
(214, R=4-MeOC5H4J 
(215) (237 I R=4MeOC6H4) (37%) 
. 
The i.r. spectrum of (236, R=EtO) showed a shift in the carbonyl 
absorption frequency from 1712 cm-1 (carbamate) to 1725 cm-1 
(ester), and the p.m.r. spectrum showed the disappearance of the cs-
H proton signal (o6.39) of the starting Reissert compound (214, 
R=EtO). The mass spectrum gave the molecular ion at m/z 234 with 
relative intensity (15%) =rrespcnding to CnHloN20zS. Extension of 
the procedure to the aroyl Reissert analogue, 5-cyano-4, 5-dihydro-4-
(4-methoxybenzoyl)-2-phenyl-1,3,4-thiadiazole (214, R=4-MeOC6H4 ) 
gave the ketone, 5-(4-methoxybenzoyl)-2-phenyl-1,3,4-thiadiazole 
(237, R=4-Meo-c6H4 J, vmax 1675 cm-1, in 37% yield, m.p. 114-116°C. 
The =mpound gave the =rrect molecular ion in the mass spectrum and 
the base peak at m/z 135 corresponded to the elements of MeOC6H40J, 
from cleavage a to carbonyl. 
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Although a satisfactory microanalysis was obtained f= the ketone 
(237, R=4-Meoc6H4 }, we were unable to obtain satisfactory figures 
for the ester (236, R=EtO), despite repeated recrystallizations. 
However; hydrolysis of the ester (236, R=EtO) with potassium 
hydroxide (15%) and aqueous ethanol under reflux gave the known 
acid, 2-phenyl-1,3,4-thiadiazole-5-carboxylic acid (238) (29%), m.p. 
65-67°c (lit., 216 67-68°C) (Scheme 139). 
Scheme 139 
r I ~~ 15% KC»'',aq.EtOH, r I ~~ 
PhA._. S ~goet reflux, 6h Ph~s_:.,lco2H 
(2361 (238) 
The formation of the acid (238) was confirmed by the mass spectrum 
giving the expected molecular ion at m/z 206 (23%) and a base peak 
at m/z 162, =rresponding to loss of carOOn. dio.xide. 
The acid {238) was found to decompose :readily on standing at room 
temperature (Scheme 139) and had to be stored at temperatures below 
20°C. A similar observation by Holmberg217 was reported when 
=nverting th7 stable sodium salt to the free acid (238). 
It can be seen, therefore, as with the five-membered ring bicyclic 
Reissert compounds from benzimidazole and the monocyclic Reissert 
analogues from imidazole, that the application of the Reissert 
procedure to the thiadiazole compounds has provided a new and 
versatile means to extend the chemistry of this heterocycle. 
PART D: W1E BI()L(XjiCAL 1\SPECI'S OF ·1,3,4-THIADIAZOLE a:JMPaJNDS 
Pharma=logical interest in the thiadiazole ring system began in the 
late 1940's with the discovery of the sulpha drugs.205 Of these, 
1,3,4-thiadazole-5-sulphonamide was found to inhibit effectively the 
action of carbonic anhydrase in gastric acid secretory cens218 and 
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in the carotid body.219 Under the names of diamoxc and 
acetazolamide, compound (239) has been extensively examined for its 
effects on salt excretion and eye pressure, and also for its 
anticonvulsive activity.220 
(239) 
Since the discovery of the sulpha drugs, the pharmacological 
interest in this heterocyclic ring system has continued. 2-Phenyl-
1,3,4-thiadiazole (210), and 2-amino-5-phenyl-1,3,4-thiadiazole 
(240) as examples show CNS depressant activity although (210) has 
associated side-effects including decreased motor coordination. 221 
N--N 
Ph~s~ 
(210) (240) 
Compounds (241), synthesized as shown in Scheme 140 have been found 
to possess a moderate antibacterial,activity against the 
Staphylococcus aureus and Escherichia ooli organisms.222 
Scheme 140 
,. 
N--N Ji ,, 
R-C1;HaNHCH2 ""-s/-NHPh 
R~,Br (24ll, 48-78% 
The 1,3,4-thiadiazole-2,5-diamines of' type (243) prepared by the 
treatment of 2-amino-5-bromo-1,3,4-thiadiazole (242) with the 
corresponding amine (Scheme 141) have been found to possess 
histamine H2-antagonist activity.2
23 
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Scheme 141 
N--N 
~t_s ;J_Br 
(242) 
N--N 
H:!N~sj_NHCH2CH2R 
(243) 
Thiadiazo1es of importance in the agrochemicals industry include the 
urea derivatives (244), (245) and (246) known as tebuthiuron, 
thiazafuron and ethidimuron respectively, which are used as 
herbicides.224 
(244) R ,. t - Bu 
(245) R « CF3 
(246) R ,. EtS02 
Another agrpc:hemical is the insecticide known as methidathion (247) 
which has a di thiophosphate side-chain. 224 
l?.oMe 
N-N-<HzS-p.OM 11 I e 
Meo"-.s ~o 
(247) 
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OIAPl'ER 4 
NEW PROCEXJRES FOR THE FORMI\TICN OF REISSERI' <D1PCXJNDS 
PARI' [A] : SOLID/LICPID PHASE 'l'RJ\NSFER CATALYSIS REACI'IOOS 
As we have des=ibed, the use of trimethylsilyl cyanide has enabled 
the formation of Reissert compounds to be achieved from five-
membered ring heterocycles, a process not previously possible using 
the =nventional two-phase procedure. 
Under the liquid/liquid two-phase conditions, the reaction of 
benzimidazole with potassium cyanide and benzoyl chloride, with or 
without a phase transfer catalyst, gave only the ring opened 
product, 2-phenylenediaminedibenzamide (79), (p.31 ).6,13 Under the 
same conditions benzoxazole gives 2'-(benzoyloxy)benzanilide (248), 
(Scheme 142).6 
Sc.'1m.e 142 
-PhCXJCl,KCN ) 
CH2cl2,H2o 
NHCOPh 
. 
NHCOPh 
(79) 
~NHCOPh 
~o2~Ph 
(248) 
Some six-membered heterocycles also give ring opening under these 
conditions. For example, quinazoline (10) gives approximately equal 
amounts of 2'-formylbenzanilide (11) and ~-formylbenzamide as 
principle products, 13, 15b (Scheme 143). Quinoxaline (104) 
similarly ring opens to give 2-phenylP..nediaminedibenzamide (79), 
(Scheme 144).13 
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Scheme 143 
OCJ / N PhCDCl.KCN 
(10) 
Scheme 144 
00 / N PhCDCl ,I<CN 
(104) 
) 
) 
HO 
HCOPh 
(11) 
~NHCOPh 
~NHCOPh 
(79) 
+ ffi;<CO>h 
CHO 
~-fonmylbenzamide 
Furthermore, the organic-aqueous two-phase procedure suffers from 
the problems of hydrolysis of the acid chloride present, requiring 
excess quantities to be used. Also in some cases competing ~-acyl 
pseudo-base formation occurs, as with 5-nitroisoquinoline, 6-
nitroquinoline and phthalazine, to give (9), (249) and (250) 
respectively.l0,12,13 
OON02 tii-COPh H OH ~ ~~-CO Ph H OH 
(9) (249) (250) 
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With the recent interest in solid/liquid phase reactions using phase 
transfer catalysts, 225- 227 the application of this approach to the 
preparation of Reissert compounds was examined. It was hoped that 
the procedure would overcome the drawbacks observed using the 
conventional liquid/liquid phase method and offer a simple 
alternative to the non-aqueous single-phase procedure using 
trimethylsilyl cyanide. 
Olenevert et al. 225 in 1983 reported the use of 18-=wn-6 for this 
purpose with two substrates, isoquinoline and 5-nitroisoquinoline. 
With benzoyl chloride this catalyst gave the corresponding Reissert 
compound in 90% and 18% yields respectively. However, because of 
the cost and toxicity of crown ethers, a less expensive procedure 
using a less toxic catalyst would be advantageous. 
Wildeman and Van Leusen226 reported in 1979 the use of 
tetrabutylammonium bromide (TBAB), n-Bu4N+Br-, in the synthesis of 
sulphones (252) by the alkylation of solid sodium arylsulphinates 
(251) suspended in an aprotic medium (Scheme 145). 
Scheme 145 
R-X + N~R" 
(251) 
R'~~-R' + NaX 
"-=-./a 
(252) 
We, therefore, sought to examine the use of this phase transfer 
catalyst (TBAB) and the use of the acyclic crytpand, trisf2-(2-meth-
246 
oxyethoxy)ethyl] amine (TDA-1) [MeO(CH2 )2o(CH2 )2 J3 N, in a single 
liquid-phase system using dichloromethane as solvent. 
The role of tetrabutylammonium bromide involves the transfer of 
cyanide ion from the solid phase to the liquid (organic) phase via 
. --
an organic complex in a manner similar to that observed for benzyl-
trimethylammonium chloride (BTMAC) used in liquid/liquid phase 
transfer catalysis reactions (p • .4 _ ). 
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TDA-1 forms an organic-soluble complex by chelating with the 
inorganic cation, K+ or Na + and would require or as COtmterion, as 
in (253). The metal ion is located at the centre of the pseudo-
cavity. The solid cyanide would be gradually solubilized in the 
organic medium, thus allowing reaction with the quaternary salt 
(70a) to occur (Scheme 146). 
Scheme 146 
(1) KCN + 
(TDA-1) 
-.~-eo~--) ~~;:, Cl 
COR 
(70a) 
KCl + 'IDA-1 
(253) 
~OR+~ Cl 
1)1 CN 
COR 
Equilibrium studies of the reaction of sodium thiocyanate with alkyl 
halide have srown steps equivalent to (1) and (3) (Scheme 146) to be 
considerably displaced to the right and the catalyst regenerated 
after the reaction as shown in Scheme 147.227 
Scheme 147 
(1) NaSCN + TDA "-- ~-SCN 
(2) R-Br + ~+-SCN ~R-SCN + ~+ Br 
(3) &;_: Br ..__ NaBr + .l'DA 
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Soula suggests227 that a small anion with a high charge density such 
as Br-, Cl-, F- interacts so strongly with the cation that it can 
destroy complexation by electrostatic repulsion of the ligands. A 
larger anion having a low charge density e.g. pheooxide, sar, OOes 
not interact with the cation-trident complex, i.e. complexation 
favours the softer nucleophile. In our case this should favour 
complexation of -CN CNer Cl-. 
Both TDA-1 and TBAB can be cheaply obtained from the Aldrich 
Chemical Company. TDA-1 (255, R=Me) is prepared in a single step 
procedure from the mono ether of bis(ethylene glycol) (254) as shown 
in Scheme 148.227 
Scheme 148 
Raney Ni ) 
(254) (255), R=Me 
The catalysts (TDA-1 and TBAB) also allow/ reflux temperatures to be 
used in the Reissert reaction. The use of trimethylsilyl cyanide 
under reflux conditions can also be performed, but reflux 
condensation has to be highly efficient due to the high volatility 
of the reagent (b.p. 112•116°C). A solid-co2;acetone condenser is 
used during the preparation of trimethylsilyl cyanide. 
A series of reactions was performed using various heterocyclic 
bases, solid inorganic cyanide (1 mole equivalent to the 
heterocyc1e) and the phase transfer catalysts TBAB and TDA-1 (0.1 
mole equivalent). The reaction of benzimidazole (1 mole) with 
potassium cyanide (1 mole), TBAB (0.1 mole) and methyl chloroformate 
(2 mole) in dichloromethane under reflux f= 2-5 h:lurs gave, after 
work-up, 2-cyano-2, 3-dihydro-1, 3-bis.;.(me~arbonyl )benzimidazole 
(83a, R=MeO) in 73% yield, m.p. 186-187°C (Scheme 149) (Table 21, 
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entry 1). This result provides the first illustration of a Reissert 
compound being prepared from a five-membered ring heterocycle using 
an in:>:r:ganic source of cyanide. 
Scheme 149 
RCO:::l(2nol), KCN(1nolrBcN-COR 
TBAB(10%nolKCN) ,rn2c1 '- I ;H · reflux,2.5h · ~ CN 
COR 
(1.nol) (60) (83a, R=MeO), 73% 
The spectral data for (83a, R=MeO) were identical to those of a 
previously prepared sample under the single-phase conditions using 
trimethylsilyl cyanide. With ethyl chloroformate and TBAB, 2-cyano-
1,3-bis-(eth::lxycarbonyl)-2,3-dihydrobenzimidazole (83b, R=EtO) was 
isolated in 87% yield (Table 21, entry 3). Extension of the 
procedure to the preparation of the aroyl chloride derived benzimi-
dazole Reissert compound, 1,3-bis(4-chlorobenzoyl)-2-cyano-2,3-
dihydrobenzimidazole (83e, R=4-ClC6H4 ) using benzimidazole and 4-
chlorobenzoyl chloride gave (83e, R=4-ClC6H4 ) in 67% yield (Table 
21, entry 5). With benzoyl chloride as the acid chloride, 1,3-
dibenzoyl-2-cyano-2,3-dihydrobenzimidazole (83d, R=Ph) was obtained 
in 57% yield (Table 21, entry 6). This yield was achieved by heating 
the reaction mixture for an extended period of 10 hours and 
employing a 0.2 mole equivalent of the catalyst to 1 mole equivalent 
of cyanide (instead of 0.1:1). A further improvement in yield of 
(83d, R=Ph) was achieved using ~-benzoylbenzimidazole (70, R=Ph) as 
substrata (1 mole) with an additional mole equivalent of benzoyl 
chloride, giving (83d, R=Ph) in 61% yield (Table 21, entry 7). The 
corresponding yield for this ocnversion using trimethylsilyl cyanide 
gave (83d, R=Ph) in only 28% (see Table 21, yield in parenthesis). 
Gt:-~ 
I 
COR 
(70, R=Ph) 
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Formation of (83a, R=MeO) and (83b, R=EtO) using TDA-1 (Table 21, 
entries 2 and 4) gave lower yields of the Reissert compounds 
compared with TBAB under similar cond:'.tions. Replacing potassium 
cyanide with sodium cyanide gave no significant difference in 
experimental yields obtained (see Table 21, yields in parenthesis). 
Having obtained the benzimidazole Reissert =mpounds in good yields, 
the application of the solid/liquid phase transfer procedure was 
then extended to the synthesis of the isoquinoline, quinoline and 
phthalazine Reissert =mp:>unds [(6), (4) and (30)] giving yields of 
69%, 67% and 47% respectively (Table 21, entries 8, 9 and 10) 
(Scheme 150). These yields although lower than those obtained using 
trimethylsilyl cyanide (Table 21, ·yields in parenthesis) provided an 
alternative synthetic route to these =mpounds. 
Scheme 150 
i) 
ii) 
iii) 
ro . N 
(5) 
~ 
~N') 
(3) 
~N ~~ 
(29) 
00 N-COR H CN 
(6, R=Ph) 
~H· ~N_):CN 
I 
00-c:~ ~llil 
H CN 
(30, R=Ph) 
The attempted preparation of Reissert =mp:>unds from benzothiazole, 
however, proved ineffective using the solid/liquid phase transfer 
procedure with only low yields of the Reissert =mp:>und (86) being 
obtained. A 12% yield of Reissert =mp:>und, 3-benzoyl-2-cyano-2,3-
dihydrobenzothiazole (86, R=Ph) was obtained using 0.2 mole 
equivalent of TBAB, 10 hour reflux and stirring overnight at room 
temperature (Table 21, entry 11). Use of TDA-1 under similar 
conditions gave (86, R=Ph) in 10% yield (Table 21, entry 12). 
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Benzothiazole was recovered in 61% yield. With benzothiazole and 
methyl chlorofonnate under similar conditions using TBAB and TDA-1, 
2-cyano-2,3-dihydro-3-methoxycarbonylbenzothiazole (86, R=MeO) was 
obtained in 6 and 5% yield respectively (Table 21, entries 13, 14) 
(Scheme 151). 
Scheme 151 
(7) (86, R=Ph) 
(86, M1e0) 
These yields were in contrast to the high values obtained using 
trimethylsilyl cyanide (Table 21, column [e] ). The low yields of the 
Reissert compounds (86, R=Ph, MeO) may be due to a possible 
poisoning of the catalyst by the sulphur present in the ring system, 
affecting in some way the ability of the catalyst to fonn complexes 
with the inorganic cyanide. 
The solid/liquid phase transfer reaction (using TBAB anq TDA-1) has, 
therefore, provided a useful alternative procedure for the synthesis 
of Reissert ~mpounds in. good yields for both five- and six-membered 
ring systems with the exception of sulphur containing substrates. 
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TABLE 21: REISSERT COMPOlJND FORMATION IN MEI'HYLENE Q!LORIDE USIJIG POTASSIUM 
CYANIDE (lmol equivalent) 
Entzy Substrata Acid Chloride Catalyst Reflux 
(1 11Dle equi- [b] (h) 
valent) 
1 (60) MeOCXJCl[a] TBAB 2.5 
2 (60) MeOCXlCl [a] TDA-1 2.5 
3 (60) EtOOJCl[a] TBAB 2.5 
4 (60) EtOOJCl[a] TDA-1 2.5 
5 (60) 4-ClC6H40:X::l[a] TBAB 3.5 
6 (60) PhCXlCl[a] TBAB[d] 10.0 
7 (70,R=Ph) PhCOCl TBAB 2.5 
8 (5) PhCOCl TBAB 2.5 
9 (3) PhCOCl TBAB 2.5 
10 (29) PhCXlCl TBAB[d] 4.0 
11 (7) PhOJCl TBAB[d] 10.0 
12 (7) Pho:x::l TDA-l[d] 10.0 
13 (7) MeOCXlCl TBAB[d] 10.0 
14 (7) MeOCXlCl TDA-l[d] 10.0 
Product Yield 
% 
(83a,R=Me0) 73 7l[c](8l)[e] 
(83a,R=Me0) 61 (8l)[e] 
(83b,R=Et0) 87 86[c](90)[e] 
(83b,R=Et0) 71 (90)[e] 
(83e,R=4- 67 (75) [e] 
ClC6H4 ) 
(83d,R=Ph) 57 
(83d,R=Ph) 61 (28) [e] 
(6,R=Ph) 69 (9l)[e] 
(4,R=Ph) 67 68[c] ( 89) [e] 
(30,R=Ph) 47 (91) [e] 
(36,R=Ph) 12 (83)[e] 
(86,R=Ph) 10 (83[e] 
(86,R=Me0) 6 (79)[e] 
(86,R=Me0) 5 (79)e] 
[a] 2 mole equivalent, [b] 0.1 mole equivalent, [c] % yield using sodium 
cyanide, [d] 0.2 mole equivalent, [e] % yield using trimethylsilyl cyanide. 
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PART [B]: USE OF ULTRASOUND IN SOLID/LIQUID PHASE TRANSFER 
PROCESSES 
Up until recently, the use of ultrasound in chemistry has been 
mainly restricted to its application in ultrasonic cleaning 
baths228. other applications have included sonar ranging in aquatic 
experiments, fault finding in metallurgy and foetal imaging in 
medicine. 228 However, the application of ultrasound to chemical 
processes is receiving increased attention228,229 and we sought to 
examine use of the technique in Reissert compound formation as a 
possible alternative methcxl 
We first summarise some of the physical aspects of the technique and 
then discuss some synthetic applications. 
a) Physi.cal Aspects 
Ultrasound is the name given to sound waves having frequencies 
higher t:l'.an those audible to the human ear i.e. >16 kHz. Ultrasound 
can be transmitted through any substance (solid, liquid or gas), 
whicb possesses elas'cic properties, and travels by the transfer of 
vibrational energy from one molecule to another within a given 
medium. This results in a wave motion being =eated, consisting of a 
series of compression (regions of high molecular density) and 
rarefaction (regions of low molecular density) phases. For liquids 
and gases, particle oscillation takes place in the direction of 
propagation and produces longitudinal waves. Solids, however, since 
they possess shear elasticity, can support tangential stresses and· 
hence can produce transverse waves in which particle movement takes 
place perpendicular to the direction of the wave. 
The use of ultrasound can be divided into two areas, (a) high 
frequency and (b) power ultrasound. 228,229,230 
a) High frequency ultrasound, 2-10 MHz, is used in pulse-echo 
techniques for medical scanning, non-destructive testing of 
metals for flaw detection, and in SONAR (SOund Navigation And 
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Ranging) for the detection by ships of submarines and for depth 
sounding at sea.228•229 •230 The high frequency ultrasound is 
used with low amplitude propagation since the purpose is not to 
damage the medium. The acoustic intensity, I, of the wave is a 
measure of the energy transmitted per second per cm3 of fluid23l 
such that I = PA2 (2pc)-l where PA is the maximum pressure 
amplitude of the wave, pis the density of the medium, and c is 
the velocity of sound in that medium. 
b) Power ultrasound uses lower frequencies, in the range 20-100 
kHz, but with high intensity, i.e. with high energy propagation. 
Examples of high energy applications include: ultrasonic 
cleaning, drilling, plastic welding, soldering and chemical 
processes. These occur as a result of either the mechanical 
agitation caused by the wave or as a consequence of cavitation 
(tiny bubbles) produced in the liquid. 
Cavitation bubbles are vapour filled voids formed as a result of 
large negative pressures (Pc) being applied to the liquid on 
rarefaction, causing the distance between the molecules to exceed 
the =itical intermolecular distance (R) needed to oold the liquid 
intact. For water, this distance is lo-8 cm228 and the tensile 
stress required to split the molecule is in the order of 104 
atmospheres (Pc = 2 o/R, where o = surface tension).232 cavitation, 
however, is normally formed at lower pressures owing to the presence 
of weak spots in the liquid. These can arise as a result of gas 
bubbles being formed during heat fluctuations within the lfquid. 233 
The effect of ultrasonic frequency on the production of cavitation 
bubbles decreases with increasing frequency. 234 Two explanations are 
given. The first considers the possibility of a short rarefaction 
and compression cycle (as a result of very high frequencies) 
resu1 ting in less time being permitted for the bubble to grow to a 
size sufficient to cause disruption to the liquid. The second 
considers that even if the bubble has grown to sufficient size, it 
has not enough time to collapse within, the compression half cycle. 
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Figure 2 shows the variation of maximum fluid pressure against 
frequency during collapse.234 
Figure 2: 
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Therefore, for many chem~cal reactions, ~he application of high 
power, low frequency, ultrasound has now been employed, since the 
presence of cavitation bubbles seems to play a important role in the 
use of the technique. 
b) Synthetic .l'!Wlicatioos 
Applications of ultrasound to chemical synthesis have developed 
since the late 1970s.Z28,ZZ9, 230 Experiments have been performed 
mainly under liquid phase (homogeneous or heterogeneous) conditions 
and have included organic, organometallic, inorganic, polymer 
chemistry and very recently aspects of catalysis. 
The use of u1 trasound has been designed t.o affect various parameters 
of chemical activity such as: (i) accelerating a particular 
reaction or permitting less forcing conditions to be used, (ii) 
reducing the number of steps required in a particular chemical 
pathway, (iii) permitting the use of less expensive lower grade 
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reagents, (iv) initiating reactions with or without additions of 
catalyst, and (v) driving a particular reaction through an 
alternative pathway. 
One of the most common applications of ultrasound has been the 
initiation of Grignard reactions. Studies have been perfonned using 
an ultrasound cleaning bath (50 kHz at 50°C) for comparing the 
induction times for the fonnation of Grignard reagents (Scheme 152) 
(Table 22).235 
Schene 152 
EtCH(Br)Me + Mg ultrasound EtOi(MgBr)Me 
TABLE 22 
Diethyl Ether Method Induction Tirre 
Pure, dried ether Non-ultrasound 6-7 min 
ultrasound <10s 
Reagent grade ether Non-ultrasound 2-3h 
ultrasound 3-4 min 
A second application has been in the Reformatsky reaction of ~­
halogenoesters with aldehydes and ketones (Scheme 153).229 
Schene 153 
1 Zn;dioxan 1 RR CO + B:r:GI2~Et ultrasoUi1d RR O!(OH)OI2~Et 
(256) 
This method using ultrasound gave ethyl 2-hydroxyphenylacetate (256, 
R=Ph and R1=H) in 98% yield after 5 minutes, compared with 1 hour 
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under non-ultrasonic conditions. Repeating the reaction using a 
(Meo)3B/THF solvent system gave (256, R=Ph) in 95% yield after 5 
hours, and only a 61% yield was achieved after 12 hours using the 
cxxwentional methodology. 235' 23 6 
The synthetic application of ultrasound to phase transfer catalysis 
reactions under heterogeneous conditions has received increasing 
attention. 236,241,242 Previous reports237-239 have, however, failed 
to emphasise the need for rapid stirring during phase transfer 
reactions and on occasions this has led to inconsistent results 
being produced241 (i.e. in the absence of ultrasound). 
The Cannizzaro (solid/liquid phase) reaction of benzaldehyde 
catalysed by the use of barium hydroxide has been shown to 
accelerate greatly in the presence of low intensity ultrasound,. 
giving a 100% yield of the disproportionation products [(257) and 
(258)] after 10 minutes (Scheme 154). However in the absence of 
ultrasound, during the same time period, ro reaction is observed. 240 
Scheme 154 
Ba(OH)2 ,EtOH 
Ultrasound OOH ...... 
(257) 
+ 
(258) 
The only application of ultrasound to Reissert compound chemistry 
that we are aware of is given in three reports by Ezquerra and 
Alvarez-Builla.241 The experiments they carried out are shown in 
Scheme 155a. 
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Scheme 155a 
i) 
ii) 
iii) Mem PhCOCl,KCN MeO~I 
Me ' 
1 
> N H o cH cl . PhCH NE'E ti.MeO ' 111-COPh 2 ' . 2 2' 2 3 H CN 
ultrasound 
PhCOCl ,KCN 
iv) 
+ -
a 2o,cH2cl2,PhCH2NEt3Cl 
ultrasound 
* Without ultrasound. 
~-COPh 
H CN 
(30) 
64% (64) 
18% (40) 
42% (18) 
13% (10) 
In each reaction the workers used a methylene chloride/water two-
phase system in the presence of a phase transfer catalyst 
.. . 
(Ph~NEt:3. Cl) and the mixture was sonicated. 
Their resul ts"[~ot compatible with ours since we used methylene 
chloride as sole solvent (i.e. water was absent). 
The authors241 work concerning alkylation used the isoquinoline 
Reissert compound, 2-benzoyl-1-cyano-1,2-dihydroisoquinoline (6, 
R=Ph}. 
The Reissert carbanion was generated by use of aqueous sodium 
hydroxide as base (Scheme 155b). In the aqueous medium with the 
Reissert compound as a suspension no product (19) was obtained on 
use of ultrasound. In the presence of a phase transfer catalyst and 
absence of ultrasound, the yield was 50% and with both phase 
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* 
* 
* 
* 
transfer catalyst and ultrasound the yield was 60% for (19), R=Ph, 
R' =PhCllz. 241a 
Scheme 155b 
i .... I P.T.C. OC . R1 ~X,NaOH,H20 N-COR Ultrasom1d H CN 
(6, R=Ph) 
00.-COR 
R CN 
(19), R'=PhOI2 , (60%) 
(19), R'*4-ClC6H40I2, (50%) 
We briefly investigated the application of the ultrasound technique 
to the synthesis· of Reissert oom~ under the solid/liquid phase 
conditions previously studied with tetrabutylammonium bromide (TBAB) 
{p.139). In particular, the effect of sonication was examined to 
determine whether improved yields of the benzathiazole Reissert 
compound (86, R=MeO) could be achieved under solid/liquid phase 
conditions as a result of a more efficient dispersal of cyanide in 
the medium. 
An ''Ultra Tech" ultrasonic cleaning bath was used (model No. 175 and 
manufactured bY Langford Engineering Company). The bath. produced a 
pulse power of 100 VA, and was 1.75 litre in capacity. Although the 
rating frequency was not listed in the manufacturer's 
specifications, a typical value for equipment of this type is 50-55 
kHz. 243 The reactions were performed at room temperature in the 
presence and absence of the phase transfer catalyst, tetrabutyl-
ammonium chloride, with no mechanical stirring involved. 
The reaction of isoquinoline (5) (lmole), benzoyl chloride (lmole) 
and potassium cyanide (lmole) in dichloromethane was studied first 
with u1 trasound alone. Sonication caused a disturbance of the solid 
potassium cyanide and O<Jer a period of 15 minutes the whole liquid 
became cloudy with the suspended inorganic cyanide. The medium then 
became clearer as the reaction proceeded and after 3 hours, with no 
further clearing observed to be taking place, the reaction was 
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stopped. Work-up of the reaction mixture gave the Reissert compound, 
2-benzoyl-1-cyano-1,2-dihydroisoquinoline (6, R=Ph) in 62% yield. 
Repeat of the procedure in the presence of tetrabutylammonium 
bromide (TBAB) (O.lmole) gave compound (6, R=Ph) in a marginally 
improved yield of 65% yield (Scheme 156). 
Scheme 156 
w~OR 
H CN 
(5) (6, R=Ph) 
With benzimidazole (60) (lmole), ethyl chloroformate (2mole) and 
potassium cyanide, using ultrasound alone, 2-cyano-1,3-bis-(etooxy-
carbonyl)-2,3-dihydrobenzimidazole (83b) was obtained in 77% yield 
The use of ultrasound in the presence of the phase transfer catalyst 
(TBAB), gave (83b) in 81% yield (Scheme 157). These results are 
summarised in Table 23. 
Scheme 157 
(60) (83b) 
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TABLE 23 
Substrata Reagents Duration Product Yield % of Reissert 
(lnole) in rn2c12 of ultra- canpound with: 
sound/h Ultra- Ultra-
sound sound/ 
only P.t.c. 
(5) PhOXl (lnole) 3 (6,R=Ph) 62 65[a], [d] 
KOJ (lnole) 
(60) EtO<XlCl ( 2rrDle) 3 (83b) 77 81[b] 
KOJ (lnole) 
(7) MeOCXlCl ( lnole) 8 (86,R=Me0) 8 lO[c],[e] 
KOJ ( lnole) 
[a] with p.t.c. alone 69%, [b) with p.t.c. alone 87%, [c) with 
p.t.c. alone 5%, [d) with CH3CN in place of CH2c12 67% [e) with rn3rn in place of rn2c12 16%. 
The above results illustrate the first successful application of 
ultrasound to the preparation of Reissert compounds from either 
five- or six-membered ring heterocycles. The yields, although 
slightly lower than those obtained in the presence of 
tetrabutylammonium bromide (see Table 23, last oolumn fdOmotes [a], 
[b) and [c]) were, however, oomparable within experimental error. 
The reaction of benzothiazole (7) (lmole), methyl chloroformate 
(lmole) and potassium cyanide was disappointing, giving 10% and 8% 
yields of 2-cyano-2,3-dihydro-3-methoxycarbonyl benzothiazole (86, 
R=MeO) in the presence and absence of the phase transfer catalyst 
(TBAB) respectively (Scheme 158). 
Scheme 158 
(7) (86, R=t-!eO) 
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The use of acetonitrile in place of dici."lloromethane as solvent also 
gave similar results (Table 23, foomotes [d] and [e] ), 
In the sucoessful .. :j;;l;:j.methylsilyl cyanide reaction with benzothiazole 
(7), the presence of the Lewis acid, AlC13, may be critical in 
increasing the electrophilici ty of C-2 by heteroatom coordination 
(Figure 3). In the ultrasound experiments no Lewis acid was used. 
Figure 3 
However, with the use of the sulphur heterocycle excepted, the 
application of ultrasound alone has provided a new route to the 
synthesis of Reissert compounds in good yields. 
153 
EXPERIMENI'AL 
Unless otherwise stated the following conditions apply. 
Melting points were taken on a Kofler hot-stage apparatus and are 
=rrected. Proton magnetic resonance spectra were recorded by a 
Varian EM 360A spectrometer ( 60 MHz) or a Perkin-Elmer R32 
spectrometer (90 MHz) in a solution of deuteriochloroform with 
tetramethylsilane (TMS) as internal reference. 
The following abbreviations are used in the presentation of these 
spectra: s = singlet, d = doublet, t = triplet, q = quartet, m = 
multiplet and br = broad 
Infrared spectra were recorded as KBr discs, Nujol mulls or liquid 
films by means of a Perkin-Elmer 177 grating spectrometer. The 
ultraviolet spectra were recorded on a Shimadzu UV-160 
spectrophotometer in ethanol. Accurate mass measurements were 
performed on an Kratos MS80 spectrometer with DS-55 data system. 
Elemental analyses were carried out at the University of Manchester. 
Thin layer chromatography (t.l.c.) was performed on glass slides 
prepared by coating with a slurry of silica (Kieselgel 60 PF 254) in 
dichloromethane. The coating was achieved by dipping the slide into 
the slurry and removing evenly. Material on the rear of the slide 
was wiped off. 
Column chromatography was normally carried out by the flash 
chromatog~aphic technique ll,S with Merk silica gel 60 for column 
chromatography (0.040-0.063 mm mesh). Column diameters were 10 mm 
and 30 mm. After use, column recycling was effected by flushing 
first with acetone then ethyl acetate at 2 inch/min and finally, 
with the desired eluent. 
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Commercial grade solvents and reagents were used except for the 
following, which were purified as follows. Diisopropylamine was 
distilled from calcium hydride prior to use. Dimethylformamide was 
distilled from calcium hydride and stored over molecular sieves 
(Union Carbide, type 4A). Tetrahydrofuran (THF) was distilled from 
sodium wire prior to use. Dichloromethane was distilled from 
calcium chloride and stored over molecular sieves type 4A. N-
methylpyrrolidincne was distilled, stored over tntassium hydroxide 
pellets, and redistilled when required for use. Triethylamine was 
also freshly distilled when required. Sodium hydride (50% or 80% 
suspension in oil) was washed with dry light petroleum (b.p. 40-
600C) before use. Light petroleum was dried over calcium chloride 
overnight, distilled and stored over molecular sieves type 4A. 
All solutions were dried by means of anhydrous magnesium sulphate, 
unless otherwise stated. 
SAFE HANDLIN3 OF CYANIDE 
The syntheses of Reissert compounds involved the use of tntassium 
cyanide, sodium cyanide or trimethylsilyl cyanide. The following 
precautions in handling were taken. 
Safety glasses and rubber or plastic gloves were worn during 
reactions involving the cyanide reagents and a supply of amyl 
nitrite was ready. Amyl nitrite c5H110l'Kl is a vasodilator of use as 
an inhalant in the event of cyanide poisoning. 90a All 
manipulations, including weighing and filtration were carried out in 
a fume cupboard. The required amount of cyanide was measured and 
transferred into the reaction flask using a spatula. In the case of 
trimethylsilyl cyanide a syringe was used, piercing a rubber septum 
cap on the reaction flask (and reagent container). After use, all 
the apparatus, the filter papers and gloves, were thoroughly washed 
with an alkaline solution of ferrous sulphate. 
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Any cyanide residues from potassium cyanide or sodium cyanide 
reactions were destroyed by treatment with an excess of strongly 
alkaline ferrous sulphate solution overnight in the fume-cupboard 
before disposal. Similar treatment was extended to residues left in 
the distillation flask or other glassware used in the preparation of 
trimethylsilyl cyanide. The process converts any cyanide residues to 
a ron-toxic Prussian Blue, Fe4[Fe(OJ)6J3, which precipitates. 
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OIAPTER 1 
THE l'lJl-Cl'ICNALISATICN AND l'OJIFICATICN OF BENZIMIDI\ZOLE 
BY THE REISSERT Al'PROI\OI 
PART [AJ REISSERT a:MPCUND FOOMI\TICN FRCM BENZIMIDAZOLE 
a) Preparati.cn of 'I'rimathylsilyl Cyanide (80) 
i) Method using KCN:Me3 SiCl:N-methylpyrrol.idincl:le in 5:5:1 molar 
:ratio with KI catalyst. 
Analar grade KCN was used, which was kept in a drying pistol at 
1CXPC under vacuum for 24 murs before use. 
To a sti=ed suspension of potassium cyanide (32.6g, 0.5mol) and 
potassium iodide (8.3g, 0.05mol) in freshly distilled ~-methyl­
PY=Olidinone (9.9g, O.lmol) was gradually added trimethylsilyl 
chloride (54.1g, 0.5mol) from a pressure-equalising funnel. 
The mixture was stirred vigorously and heated to gentle reflux with 
an oil bath. Cooling was by a solid co2 -acetone condenser and the 
reaction mixture was kept under a blanket of nitrogen during the 
course of reaction. 
After refluxing for 5 murs, the mixture was allowed to stir at room 
temperature overnight. The mixture was then distilled directly from 
the reaction vessel using a Vigreux column. Three fractions were 
collected. 
The first fraction, b.p. 57-62°C contained recovered trimethylsilyl 
chloride (33g). This was subsequently re-used for further 
preparations. 
The second fraction, b.p. 95-110°C (3.5g) contained impure 
trimethylsilyl cyanide. 
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The third fraction, b.p. l12-l18°C contained the cyanide reagent 
(80) (19.2g, 39%), max (liquid film), :2972 (CH), 2910 (CH), 2200 
(C N), 2095 crn-l (N!C), (lit.,73 yield 86-87%, b.p. 112-117°C). 
The infrared spectrum of the third fraction was identical with that 
of an authentic commercial sample (Aldrich Chemical Company) 
confirming the purity of the distilled trimethylsilyl cyanide. 
Yield based on recovered trimethylsilyl chloride was 85%. 
ii) Method us.ing NaCN (0.75mol.), Me3SiCl. (0.60mol.) end an excess 
of !!-methylpyrml.i.dl.na:la, with Nai catal.yst 
Trimethylsilyl chloride (65g, 0.6mol) was added dropwise to a 
stirred suspension of dry sodium cyanide (37.6g, 0.75mol), anhydrous 
sodium iodide (0.05moi) and N-methylpyrrolidinone (50 ml, 51.65g, 
O.Smol) over 40 minutes. The reaction mixture was kept at a 
' temperature between 90-110°C using an oil bath and a solid co2-
acetone condenser. The product was fractionally distilled to give 
pure trimethylsilyl cyanide as a colourless liquid (80) (10.7g, 18%) 
b.p. 114-118°c (lit., 74b yield 65-80%). 
Storage 
The freshly distilled trimethylsilyl cyanide was collected in a dry 
round bottomed flask and sealed with a Subaseal septum cap. The 
flask was then placed in a half filled tin of soda ash, designed to 
destroy any HCN produced in the event of a breakage, and a layer of 
self-indicating silica-gel was placed above it. 
All the equipment used in this procedure was subsequently treated to 
destroy any cyanide residues as described previously (P-155). 
158 
b) General. Procedure far the Preparati.cn of Benzimidazole Reissect 
Canp;.:unds 
A three-necked flask was taken, one neck sealed with a septum cap, 
one carrying a pressure equalizing dropping funnel, and one leading 
to a bubbler to exclude air access. To it was added benzimidazole in 
dry dichloromethane (30ml), trimethylsilyl cyanide and anhydrous 
aluminium chloride (0.05g). 'lhe acid chloride was then added to the 
well sti=ed mixture over a period of 20 minutes and stirring was 
continued at room temperature for a further 48 hours. The solution 
was washed with water, 5% hydrochloric acid, water, 5% aqueous 
sodium hydroxide and water. The dichlorornethane layer was dried over 
anhydrous magnesium sulphate and filtered. The filtrate was 
evaporated under reduced pressure to give the product which was 
recrystallized from the appropriate sol vent. 
Use of benzimidazole (0.83g, 7rnmol), trimethylsilyl cyanide (0.87ml, 
7mrnol); anhydrous aluminium chloride (0.05g) and methyl 
chloroformate (1.32g, 14mrnol) in the general procedure above yielded 
the title =mpound (83a). Recrystallization from ethyl i'lcetate gave 
colourless needles (1.49g, 81%), m.p. 187-189°c. 
Found: 
requires: 
C, 55.1; H, 4.0; N, 16.0. c12H11N3o4 
C, 55.2; H, 4.2; N, 16.1%. 
"max (KBr), 1712 (C~), 1600 crn-1 (C=C). 
0 H (90 MHz, CDC13 ), 7.90-7.01 (4H, m, aromatic), 6.60 (1H, s, C2-H), 
and 1.35 (6H, s, 2 x OMe). 
m/z, 261.0748 (M~, 90%, c12H11N3o4 requires 261.0749), 235 (30%, M!-
m), 202 (19%, M.+ -c:n2Me), 176 (100%, CgH8N2o2). 
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2-eyam-1, 3-bis( ethoxycari?onyl )-2, 3-dihydrobenz:i.midazole ( 83b) 
Use of benzimidazole (0.83g, 7mmol), trimethylsilyl cyanide (0.87ml, 
7mmol), anhydrous aluminium chloride (0.05g) and ethyl chloroformate 
(1.5g, 14mmol) in the general procedure (p.159) gave the title 
compound. (83b). Recrystallization from ethanol yielded colourless 
needles (1.83g, 90%), m.p. 117-ll9°c. 
Found: 
requires: 
C, 58.25; H, 5.3; N, 14.4. c 14H15N304 
C, 58.1; H, 5.2; N, 14.5%. 
vmax (KBr), 1710 (C=O), 1600 cm-1 (C=C). 
oH (90 MHz, CDC13 ), 7.65-6.65 (4H, m, aromatic), 6.40 (lH, s, C2-H), 
4.35 (4H, q, 2 x OCH2 ), and 1.35 ( 6H, t, 2 x Me). 
m/z, 289.1070 (M"!" 62%, c 14H15N3o4 requires 289.1062), 190 (78%, M"!" 
co2Et, CN), 144 (96%, C8H6N3 ), 118 (100%, ~H6N2 ). 
2-Cyam-2,3-dihydro-1,3-bis(phenoxycarbonyl)benz:i.midazole (83o) 
Use of benzimidazole (0.83g, 7mmol), trimethylsilyl cyru:dde (0.87ml, 
7mmol), anhydrous aluminium chloride (0.05g) and phenyl 
chloroformate (2.18g, 14mmol), in dichloromethane ( 40ml) [general 
procedure (p.159)], gave the title compound (83c) as a white 
gelatinous solid Recrystallization from ethanol gave colourless 
rosettes (2.45g, 90%), m.p. 130-132°C. 
Found: 
requires: 
C, 68.8; H, 3.9; N, 10.9. C22H15N304 
C, 68.6; H, 3.9; N, 10.9%. 
vmax (KBr), 1735 (C=O), 1600 cm-1 (C=C). 
oH (90 MHz, CDC13 ), 7.92-7.00 (14H, m, aromatic), and 6.95 (lH, s, 
C2-H). 
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m/z, 385.1062 (M"!" 32%, c22H15N3 o4 requires 385.1062), 238 (8%, M~ 
co2Ph,CN), 143 (9%, c8H5N3 ), 77 (100%, C6H5 ). 
1,3-Dibenzoy1-2-cyano-2,3-dihydrobenzimidazole (83d) 
i) Use of benzimidazole (0.83g, 7mmol), trimethysilyl cyanide 
(0.87 ml, 7mmol), anhydrous aluminium chloride (0.05g) and 
benzoyl chloride (1.96g, 14mmol), in the general procedure 
(p.l59) yielded N-benzoylbenzimidazole (70, R=Ph) as oolourless 
needles after recrystallization from ethanol (1.05g, 67%), m.p. 
90-92°C (lit., 245 93°C). The i.r. and n.m.r. spectra were 
identical to those of an authentic sample of (70, R=Ph). 
6H (90 MHz, CDC13 ): 7.95-7.05 (m, aromatic). 
ii) Use of N-benzoylbenzimidazole (1.55g, 7mmol), trimethylsilyl 
cyanide (0.87 ml, 7mmol), anhydrous aluminium chlorida (0.05g) 
and benzoyl chloride (0.98g, 7mmol), in the general procedure 
(p~5~ yielded 1,3-dibenzoyl-2-cyano-2,3-dihydrobenzimidazole 
(83d). Recrystallization from ethanol gave oolourless needles 
(0.69g, 28%), m.p. 132-134°C. 
Found: C, 74.6; H, 4.2; N, 11.8. ·C:22H15N30:2 
requires: c, 74.8; H, 4.3, N, 11.9%. 
vmax (I<Br), 1660 (C=O, 1602 an-1 (C=C). 
oH (90 MHz, CDC13 ), 8.00-7.10 (14H,,m, aromatic), and 6.64 (1H, 
s, C2-H). 
m/z, 353.0683 (M~ 21%, C:2zH15N3~ requires 353.0687), 105 (100% 
c6H5CO), 
1, 3-Bis-( 4-chlorobenzoyl )-2-cyano-2, 3-dihydrobenzimidazole ( 83e) 
Use of benzimidazole (0.8g, 6.8 mmol), trimethylsilyl cyanide (1m1, 
7. 7mmol) anhydrous aluminium chloride ( 0.08g) and 4-chlorobenzoyl 
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chloride (2.6g, 15mmol) in the general procedure (pl59), gave the 
title compound ( 83e) as colourless needles after recJ:YStallization 
from ethanol (2.14g, 75%), m.p. 178-180°C. 
Found: 
requires: 
C, 62.6; H, 3.1; N, 9.7; Cl, 16.4. C22H13N3C2Cl2 
C, 62.7; H, 3.1; N, 9.9; Cl, 16.6%. 
vmax (KBr), 1665 (C=oO), 1602 cm-1 (C=oC). 
oH (90 MHz, CDC13 ), 7.90-7.02 (12H, m, aromatic proton), and 6.75 
( lH, s, C2-H). 
m/z, 425.0189 (M; 8.8%, C22H13N30237c12 requires 425.0251), 
421.0343 (M~ 5.2%, , C22H13N3o2 35c12 requires 421.0384), 
139 (100%, 4-35clC6H4CO). 
2-Cyano-2, 3-dihydro-1, 3 his( 4-methoxyl?enzoyl }benzimidazole ( 83f) 
Use of benzimidazole (0.9g, 7.6mmol), trimethylsilyl cyanide (1ml, 
7.7mmol), anhydrous aluminium chloride (0.07g) and 4-meth:lxybenzoyl 
chloride (2.6g, 15mmol), in the general procedure (p159), gave the 
; 
title compound. (83f) as a white solid. Recrystallization from ethyl 
acetate: ethanol (50:50) gave (83f) as colourless needles (1.3g, 
72%), m.p. 171-173°c. 
Found: c, 69.8; H, 4.7; N, 10.0. C:24H19N304 
requires:· c, 69.7; H, 4.6; N, 10.2%. 
vmax (KBr), 1660 (C=O); 1600 cm-1 (C=C). 
oH (90 MHz, CDCl3), 7.7 (4H, d), 7.2-6.8 (8H, m, aromatic), 6.75 
,' (1H, s, C2-H), and 3.90 (6H, s, 2 x OMej. 
m/z, 413.0053 (M! 10.1%, c 24H19N3o4 requires 413.1375), 135 (100%, 
4-MeOC6H4CO). 
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1,3-Bis-(2-chloromethylbenzoyl)-2-cyano-2,3-dihyctrobenzimidazole 
(83g) 
Use of benzimidazole (0.85g, 7.2mmol), trimethylsilyl cyanide (lml, 
7.7mmol), anhydrous aluminium chloride (0.06g) and 2-
chloromethylbenzoyl chloride (2.63g, 14mmol) in the general 
procedure (p.159), yielded the title compound (83g) after 
recrystallization from ethyl acetate as pale yellow rhombs (2.23g, 
69%), m.p. 125-127°C. 
Found: 
requires: 
C, 64.2; H, 3.9; N, 9.5%. Cz4H17N3~cl2 
C, 64.1; H, 3.8; N, 9.4%. 
vmax (KBr), 1665 (C=O), 1603 cm-1 (C=C). 
oH (90 MHz, CDC13 ), 7.77-6.95 (12H, m, aromatic), 6.60 (1H, s, 
C2-H), and 4.60-4.35 (4H, m, 2 X CH2 ). 
m/z, 453.0132 (M"!" 3.6%, c 24H17N3o237c12 requires 453.0142), 
449.0123 (M: 2.1%, c 24H17N3o235cl2 requires 449.0128), 153 
(100%, 2-35clCH2c 6H4CO). 
1,3-Bis-( 4-chlorobutanoy1)-2-cyano-2, 3-di.hydrobenzimidazole ( 83h) 
Use of benzimidazole (0.87g, 7.4mmol), trimethylsilyl cyanide 
(0.9ml, 7.5mmol), anhydrous aluminium chloride (0.05g) and 4-
chlorobutanoyl chloride (2.lg, 15mmol), in the general procedure 
(p.159l gave the title compound (83h). Recrystallization fmm ethyl 
. acetate yielded colourless rllombs (1.90g, 73%);· m.p. 133-13sDc. 
Found: 
requires: 
C, 54.5; H, 4.8; N, 11.9. c16H17N3~C12 
C, 54.3; H, 4.8; N, 11.9%. 
Vmax (KBr), 1670 (C=O), 1600 cm-1 (C=C). 
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oH (90 MHz, CDC13 ), 7.85-7.23 (4H, m, aromatic), 6.65 (lH, s, C2-H), 
3. 75 ( 4H, t, 2 X CH2-Cl), 2. 70 ( 4H, t, 2 x CH2-C:O) and 2.21 ( 4H, m, 
2 X CH2). 
m/z, 357.0244 (M; 9.7%, c16N17N3o}7cl2 requires 357.0280), 
353.0256 (M; 5.8%, c 16N17N3o235cl2 requires 353.0260), 105 
(100%, 4-35cl(CH2)p)). 
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PARI' [B]: BASE CATALYSED REACTIONS OF BENZIMIDAZOLE REISSERT 
CXJMPCUNDS AND RELATED OIEMISTRY 
a) lnterm:>lecular Alkylaticn ReactialS 
General procedure far the preparaticn of 2-alkylated benz:imida=le 
Reissert conpcxmds 
1b a three-necked round bottomed flask was added a freshly distilled 
solution of anhydrous diisopropylamine (b.p. 84°c) and 15% n-
butyllithium in hexane which was delivered through a septum cap 
attached to one side arm. Also attached was a Nz inlet tube for the 
delivery of dry nitrogen gas and a pressure equalizing funnel 
=ntaining the Reissert =mpound in a solution of freshly distilled 
anhydrous tetrahydrofuran. After stirring for 5 minutes at -10°c, 
the LDA solution formed was then cooled to -78°c and the alkyl 
halide was added, followed by the Reissert =mpound. An immediate 
dark brown =lour was observed followed by the evolution of hydrogen 
gas. The stirred mixture was then maintained at -78°C for a further 
1 hour and then at room temperature for an additional 24 hours 
before being poured onto crushed ice-water. The oily residues 
obtained were extracted with dichloromethane and the extracts washed 
several times with water before drying over anhydrou~ magnesium 
sulphate. On evaporation of the solvent, the residues were 
recrystallized from the appropriate solvent to give the alkylated 
benzimida=le Reissert =mpounds (100). 
2-eyano-2,3-dihydro-1,3-bis(4-methoxybenzoyl)-2-methylbenzimidazole 
(100a) 
Use of 2-cyano-2,3-dihydro-1,3-bis(4-methoxybenzoyl)benzimidazole 
(83f) (1.3g, 3mmol) in dry tetrahydrofuran (30ml), dry 
diisopropylamine (2ml, 14mmol), n-butyllithium (15%, 6ml, 14mmol) in 
hexane and methyl iodide (2.52g, 18mmol) in the general procedure 
above gave the title compond (100a) as colourless needles after 
recrystallization from ethyl acetate (0.87g, 65%), m.p. 91-94°C. 
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Fbund: C, 70.3; H, 4.9; N, 9.9. Cz5H21N3o4 
.Requires: C, 70.2; H, 4.9; N, 9.8%. 
v max {KBr), 1660 {C=O); 1600 an-1 {C=C). 
6 H {90 MHz, CDCl3), 7.81 {4H, d, aromatic), 7.31-6.82 {8H, m, 
aranatic), 3.90 {6H, s, 2 X CMe), and 2.32 {3H, s, Me). 
m/z, 427.3170 {M!" 43%, Cz5H21N3o4 requires 427.3166), 277 {55%, M~4-
Meoc6H4ro, Me), 251 {65%, 277-CN), 135 {100%, 4-MeOC6H4(X)J. 
2-cyano-1,3-bis{ethoxycarboryyl)-2,3-dihydro-2-methylbenzimidazole 
{lOOb) 
Use of 2-cyano-1,3-bis{ethoxycarbonyl)-2,3-dihydrobenzimidazole 
{83b) {1.06g, 3.7mmol) in dry tetrahydrofuran {20ml), dry 
diisopmpylamine {2ml, 14mmol), n-butyllithium {15%, 6ml, 14mmol) in 
hexane and methyl i9dide {2.52g, 18mmol) in the general procedure 
{p.165l gave the titfe compound {lOOb) as colourless needles after 
recrystallization from ethyl acetate (0.72g, 65%), m.p. 87-89°C. 
Found: C, 53.5; H, 5.6; N, 13.9.C15H17N304 
Requires: C, 53.4; H, 5.7; N, 13.9%. 
vmax {KBr), 1712 {C=O) and 1660 an-1 {C=C). 
6 H {90 MHz, CDC13 ), 7.67-6.66 (4H, m, aromatic), 4.35 {4H, q, 2 x 
OCH2rn3 ), 2.30 {3H, s, OI3 ), and 1.35 {6H, t, 2 x OCH2 f!!3J. 
m/z, 303.1222 (M"!"22.%, c15H17N3o4 requires 303.1212), 204 (46%, Mt-
co2c2H4, CN), 159 (14 %, C9H9N3 ), 144 {100%, C8H6N3 ), 118 (91 %, 
~H6N2). 
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2-cyano-1,3-bis(ethoxycarbonyl)-2-etg¥1-2,3-dihydrobenzimidazole 
(100c) 
Use of 2-cyano-1,3-bis(ethoxycarbony1)-2,3-dihydrobenzimidazole 
(83b) (l.Og, 3.5mmol) in dry tetrahydrofuran (20ml), dry 
diisopropylamine (2ml, 14 mmol), n-butyllithium (15%, 6ml, 14mmol) 
in hexane and ethyl iodide (2.77g, 18mmol) in the general procedure 
(p.165) gave the title compound (lOOc). as a yellow oil. Trituration 
and subsequent recrystallization from absolute ethanol gave 
colourless needles (0.66g, 60%), m.p. 78-80°c. 
Found: C, 60. 7; H, 6.2; N, 13.2. c16H19N304 
Requires: C, 60.6; H, 6.0; N, 13.2%. 
Vmax (RBr), 1710 cm-l (C=O). 
oH ( 90 MHz, CDC13 ), 7. 92-7.02 ( 4H, m, aromatic), 4.35 ( 4H, q, 2 x 
OCH2CH3 ), 2.82 (2H, q, CCH2CH3 ), 1.35 (6H, t, 2 x OCHzCH3 ), and 0.80 
(3H, t, CCHzQ!3). 
m/z, 317.1365 (M"!" 32%, C16H19N304 requires 317.1375), 288 (10%, M!-
+ Et), 244 (10%, M-C02C2H4), 216 (32%, C11H10N3o2 ), 144 (100%, 
• 
2-Benzyl-2-cyano-1,3-bis(eth?xycarbonyl)-2,3-dihydrobenzimidazole 
(lOOd) 
Use of 2-cyano-1,3-bis(ethoxycarbonyl)-2,3-dihydrobenzimidazole 
(83b) (1.1g, 3.8mmol) in dry tetrahydrofuran (30m1), dry 
diisopropylamine (2m1, 14mmol), n-butyllithium (15%, 6ml, 14mmol) in 
hexane and benzyl bromide (3.0g, 18mmcl) in the general procedure 
(p.165) yielded the title compound (100d) as a yellow solid. 
Recrystallization from absolute ethanol gave colourless prisms 
(0.89g, 62%), m.p. 125-127°C. 
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Found: C, 66.8; H, 5.7; N, 10.8. Cz1H21N304 
Requires: C, 66.5; H, 5.6; N, 11.0%. 
"max (I<Br), 1710 an-1 (C=O). 
OH (90 MHz, CDC13 ), 7.45-6.75 (9H, m, aromatic), 4.55 (4H, q, 2 x 
OCH2CH3 ), 4.05 (2H, s, CHzPh) and 1.45 (6H, t, 2 x oc:HzQ:l3). 
m/z, 379.1519 (M; 3%, Cz1H21N3o4 requires 379.1532), 288 (26%, M~ 
CHzPh), 216 (30%, c11H10N3o2 ), 144 (63%, c8H6N3 ), 91 (100%, 
CHzPh). 
b) Ret:ro-Re1ssert React:l.cns lbEr Basic Onll:ticns: a :n:ute to 2-
alkylbenzimidazoles· 
1. Hydrolysis under reflux conditions using alky1ated Reissert 
CJattlOliDd ( lOOb) 
A mixture of 2-cyano-1,3-bis(ethoxycarbonyl)-2,3-dihydro-2-methyl-
benzimidazole (lOOb) (0.5g, 1.6mmol), ethanol (10 ml) and aqueous 
potassium hydroxide (15%, lOml) was refluxed for 4 hours. The 
reaction mixture was cooled and diluted_. with water ( lOml ). The 
I 
alcohol was evaporated under reduced pressure and the aqueous 
fraction neutralised to pH7 with dilute hydrochloric acid. The 
neutralised solution was extracted with dichloromethane (3 x 20ml) 
and the combined organic extracts were washed with water and dried 
over anhydrous magnesium sulphate. Evaporation of the organic 
solvent gave rise to a yellow oil, which solidified on trituration 
and was recrystallized from absolute ethanol to give ~­
phenylenediamine (102) as pale yellow rhombs (0.06g, 35%), m.p. 99-
1010C (lit., 98 101-102°C). The infrared and p.m.r. spectra were 
identical to those of a commercial sample of _£-phenylenediamine. 
"max (I<Br), 3450 (NH, sharp), 3390 (NH, sharp), 3300 (NH, broad), 
3200 an-1 (NH, broad) 
oH (60 MHz, CDC13 ), 6.82 (4H, aromatic), and 3.85 (4H, br, 2 x NH2 ) 
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1.1 Using 2-methylbenzimidazole ( 10la) 
Use of 2-methylbenzimidazole (lOla) (0.5g, 3.8mmol), ethanol (10 ml) 
and aqueous potassium hydroxide (15%, 10 ml) in the above procedure 
gave a-phenylenediamine (102) as pale yellow rhombs after 
recrystallization from ethanol (0.07g, 37%), m.p. 101-102°C. The 
spectral data obtained were identical to those of a commercial 
sample of (102). 
1. 2 Preparation of quinaxaline ( 104) 
The _Q-phenylenediarnine (0.54g, 5.0rnmol), prepared above, and glyoxal 
(40%, 15ml) were treated with aqueous sodium carbonate solution 
(15%, 1.5mmol, lOml) at room temperature with stirring. After 30 
minutes the reaction mixture was filtered and the filtrate salted 
out at 60°C by adding solid sodium carbonate (0.75g, 7.5mmol) and 
soHd sodium chloride (l.Og, 15mmol). The precipitate resulting was 
filtered and rec:rystallized from ethyl acetate to give quinoxaline 
(104) in 95% (0.65g) yield, m.p. 26-28°c (lit.,99 28°C). 
0H (60 MHz, CDC13 ), 8.91 (2H, s, C-2H, C-3H), and 8.50-7.35 (4H, m, 
aranatic). 
2. Hydrolysis under :roan te:nperature CCXldi.tioos 
General procedure 
A mixture of the Reissert compound, ethanol (10 ml) and aqueous 
potassium hdyroxide (15%, 10 ml) was stirred at room temperature for 
10 hours. The mixture was diluted with an equivalent volume of water 
and excess alcohol evaporated under reduced pressure. The aqueous 
solution was neutralised to pH7 with dilute hydrochloric acid and 
extracted with dichloromethane (3 x 20 m1). The combined organic 
layers were washed with water and dried over magnesium sulphate. 
Evaporation of the solvent gave a residue which was purified by 
rec:rystallization using the appropriate sol vent. 
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2.1 Formation of benzimidazole ( 60) fmn 2-cyam-1, 3-bis( etroxy-
car'bonyl )-2, 3-dihydrobenz:imidazole ( 83b) 
Use of compound (83b) (0.5g, 1.7mmol), ethanol (10 ml) and aqueous 
potassium hydroxide (15%, 10 ml) at room temperature in the general 
procedure (p.169) gave benzimidazole (0.08g, 40%), m.p. 177-179°C 
(lit., l03 178-1790c). The i.r. and p.m.r. spectra were identical to 
those of a commercial sample of benzimidazole (60). 
2.2 Formation of 2-methylbenz:imidazole (lOla) 
i) Fmn 2-cyam-1,3-bis( etooxycarlxmyl )-2,3-dihydro-2-methylbenzi-
midazole ( lOOb) 
Use of alkylated Reissert compound (lOOb) (0.5g, 1.6mmo1), ethanol 
(10 ml) and aqueous potassium hydroxide (15%, 10 ml) at room 
temperature in the general procedure (p.169) yielded 2-methylbenzi-
midazole (lOla) as pale yellow needles after recrystallization from 
petroleum ether (b.p. 60-80°C) (0.09g, 42%), m.p. 174-176°c 
(lit., lOO 176-177°C). The infrared and proton n.m.r. spectra were 
identical to those of a commercia]. samp1e of 2-methy1benzimidazo1e. 
vmax (KBr), 3080-2860 cm-1 (br), (NH) 
0H (60 MHz), CDC13 ), 8.00 (1H, s, NH), 7.80-7.30 (4H, m, aromatic), 
and 2.75 (3H, s, Me). 
ii) Fmn 2-cyam-2,3-d:ihyt:Jro:1,3-bis( 4-met:h?xybenzoyl )-2-methyl-
benz:imidazole (lOOa) 
Use of alkylated Reissert compound (lOOa) (0.6g, 1.5mmol) ethanol 
(10 ml) and aqueous potassium hydroxide (15%, 10 ml) at room 
temperature, in the hydrolysis procedure used for (lOOb), gave 2-
methy1benzimidazo1e (lOla) as pale yellow needles (0.09g, 41%), m.p. 
172-174°C. The spectral data obtained were identical to those of a 
commercial sample of 2-methy1benzimidazo1e. 
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2. 3 Fonnation of 2-ethylbenzimidazole ( lOlb) 
Use of 2-cyano-1,3-bis(ethoxycarbonyl)-2-ethyl-2,3-dihydrobenzi-
midazole (100c) (0.5g, l.6mmol), ethanol (10 ml) and aqueous 
potassium hydroxide (15%, 10 ml) at room temperature in the general 
pr=edure (p. 169), yielded 2-ethylbenzimidazole (101b) as colourless 
needles after recrystallization from ethyl acetate (0.10g, 45%), 
m.p. 168-170°C (lit., 10l 172-174°C). 
0H (60 MHz, CDCl3), 8.05 (1H, s, NH), 7.80-7.20 (4H, m, aromatic), 
2.82 (2H, q, CH2 ), and 0.8 (3H, t, Me). 
2.4 Fonnation of 2-benzylbenzimidazole (101c) 
Use of 2-benzyl-2-cyano-1,3-bis(ethoxycarbonyl)-2,3-dihydrobenzi-
midazole (100d) (0.6g, l.6mmol), ethanol (10 ml) and aqueous 
potassium hydroxide (15%, 10 ml) at room temperature in the general 
procedure (p.16S) gave 2-benzylbenzimidazole (101c) as pale yellow 
rhombs after recrystallization from ethanol, m.p. 170-172 (lit., 102 
174-176°C). 
oH (60 MHz, CDC13 ), 8.10 (1H, s, NH), 7.81-7.30 (9H, m, aromatic), 
and 4.45 (2H, s, CH2 ). 
c) Intramolecular Cyclisaticn Processes 
5-( 4-0ll.arobutarxJyl )-3, 5-dihydrcpyrido[1, 2-~]benzimidazol-1( 2,!!)-coa 
(111) 
1,3-Bis-(4-chlorobutanoyl)-2-cyano-2,3-dihydrobenzimidazole (83h) 
(0.6g, 1.7mmol) in dry tetrahydrofuran (15ml) was added d:ropwise to 
a stirred solution of dry diisopropylamine (2ml, 14mmol) and n-
butyllithium (15%, 6ml, 14mmol) in tetrahydrofuran (5 ml) at -78°C, 
under an atmosphere of nitrogen. The reaction was stirred for 4 
hours at 0°C and then at room temperature overnight before pouring 
on to crushed ice (ea. 40g). The yellow oil resulting was extracted 
with dichlo:romethane (3 x 15 ml), washed with water and dried over 
magnesium sulphate. Evaporation of the sol vent gave a brown 
oil which solidified on trituration with ethyl acetate. 
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Recrystallization from ethyl acetate gave the title compound. (111) 
as pale yellow rhombs (0.2g, 31%), m.p. 157-159°C. 
Found: 
Requires: 
C, 62.4; H, 5.1; N, 10.1. c15H15N2o2Cl 
C, 62.1; H, 5.1; N, 9.7%. 
vmax (KBr), 1680 (C=O), 1665 cm-1 (C=O). 
0H (90 MHz, CDC13 ) 8.16-7.32 (4H, m, aromatic), 4.31 (lH, t, C4-H), 
3.78 (2H, t, CHz-Cl), 3.05 (2H, t, CH2-CO), 2.85-2.35 (4H, m, 2 x 
CH2 ), and 2.18 (2H, m, CH2 ). 
m/z, 292.0281 (Mt 6.9%, c15H15N2o237cl requires 292.0295) 
290.0264 (Mi; 16%, c15H15N2o235cl requires 290.0310), 185 (100%, 
M±Cl(CH2 )3CO), 143 (34%, 185-CH2CO). 
Amax (EtOH), 228 (log 4.28), 255 (4.37), 284 (4.33) and 385 nm 
(4.04). 
5-[2-(0llorcmethyl)benzoyl]benzimidazo[1,2-b]isoqu:iix>lin-11(5!!)-<Xle 
(123) 
1,3-Bis-(2-chlorcmethylbenzoyl)-2-cyano-2,3-dihydrobenz~dazole 
(83g) (0.6g, 1.6mmol) in dry tetrahydrofuran (10 ml) was added 
dropwise to a stirred solution of anhydrous diisopropylamine (2ml, 
14mmol) and n-butyllithium (15%, 6ml, 14mmol) in diy tetrahydrofuran 
(5 ml) at -78°C, under an atmosphere of nitrogen. The reaction 
mixture was then stirred for 4 hours at 0°C, and at room temperature 
overnight, before pouring on to crushed ice (ea. 30g). The yellow 
gum resulting after work-up was triturated with ethanol to give a 
solid, which was recrystallized from petroleum ether (b.p. 60-
800C):ethyl acetate, (40:60) to provide the title compound (123) as 
yellow plates (0.15g, 29%), m.p. 172-174°C. 
Found: 
Requires: 
C, 71. 7; H, 4.1; N, 7 .4. Cz3H15N2o2Cl 
C, 71.5; H, 3.9; N, 7.3%. 
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vmax (KBr) 1675 (C;O), 1665 an-1 (C;O). 
cS H (90 MHz, CDC13 ), 8.91 (lH, d, Cl-H), 8.32 (lH, br., d, Cl0-H), 
8.10-7.40 (lOH, m, aromatic), 6.9 (lH, s, C6-H) and (2H, s, CH2 ). 
m/z, 388.0391 <Mt 23% C23H15N2o237cl requires 388.0394) 
386.0372 (M"t 54% C23H15N2o235c1 requires 386.0386), 235 (100%, 
+ M -ClCH2C6H4CD). 
"max (EtoH), 242 (log£ 4.51), 265 (4.39) 309 (4.26), and 405 nm 
(4.12). 
d) 1,2-Rearrangement React:ic:xls 
1, 2-Bis-(IOOtooxycartx:nyl )benzimidazole ( 133a) 
To a three-necked round bottomed flask was added a freshly distilled 
solution of anhydrous diisopropylamine (2ml, 14mmol) and n-
butyllithium (15%, 6ml, 14mmol) in hexane at -10°C using an acetone-
ice cooling system. After stirring for 5 minutes the LDA solution 
fonned was treated with the Reissert compound, 2-cyano-2,3-dihydro-
1,3-(methoxycarbonyl)benzimidazole (83a) (0.8g, 3.7mmol) in dry 
tetrahydrcfuran ( 15 ml) under an atmosphere of nitrogen and the 
anion fonned was indicated by the appearance of a red-qrown colour. 
The mixture was then allowed to wann to r=m temperature and stirred 
for a further 6 hours. The mixture was poured on to crushed-ice 
water (ea. 30g) and the brown gum resulting from work-up (using 
dichloromethane and washing with water) was triturated and 
recrystallized from ethanol to give the title compound (133a) as 
colourless rhombs (0.3g, 38%), m.p. 166-169°C. 
Found: C, 56.6; H, 4.4; N, 12.0. C11H10N2o4 
Requires: C, 56.4; H, 4.3; N, 11.9%. 
"max (KBr), 1725 (C;O), 1712 (C;O), 1600 an-1 (C;C). 
oH (90 MHz, CDC13 ), 7.81-6.92 (4H, m, aromatic), 3.83 (3H, s, OMe), 
3.61 (3H, s, OMe) 
m/z, 234.0312 (M+ 11.5%, c11H1cf2o4 requires 234.0322), 116 [100%, 
~H4N2 M+ -2 ( CD:zMe)]. 
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1, 2-Bis-( etb:lxycartxnyl )benzimidazole ( 133b) 
To a three-necked round bottomed flask was added dry diiso-
propylamine (2ml, 14mmol), and n-butyllithium (15%, 6ml, 14mmol) in 
hexane at -10°C. After 5 minutes the Reissert compound, 2-cyano-
1,3-bis( ethoxycarbonyl )-2-3-dihydrobenzimidazole ( 83b) (0.7g, 2.5 
mmol) in dry tetrahydrofuran (15 ml) was added to the stirred 
solution, which was gradually allowed to warm to room temperature. 
Stirring was continued ·for a further 6 hours, after which, the 
reaction mixture was poured on to crushed ice-water (ea. 35g). The 
brown oil resulting was extracted using dichloromethane (3 x 15ml), 
washed with water and dried over magnesium sulphate. Evaporation of 
the !3Qlvent gave a brown gum which was triturated with ethanol and 
recrystallized from ethyl acetate to give the title compound (133b) 
as colourless needles (0.30g, 47%), m.p. 121-123°C. 
Found: c, 59.6; H, 5.4; N, 10.7. C13H14N2°4· 
Requires: c, 59.5; H, 5.4; N, 10.7%. 
V 
max (I<Br), 1720 (C=O), 1710 (C=O), 1595 an-1 (C=C). 
0H (90 MHz, CDC13 ), 7.70-6.70 (4H, m, aromatic), 4.50 (2H, q), 4.20 
(2H, q), 1.90 (3H, t) and 1.25 (3H, t). 
m(z 262.0157 (M'!' 12.5%, c13H14N2o4 requires 262.0163), 117 (100%, 
0H5N2). 
1-( 4-M::ltlxlxybenzoyl )benzimidazol-2-yl 4-fOOt:hoxyJ;ilenyl ketcr:Je ( 133c) 
To a three-necked round bottomed flask ·was added dry diiso-
propylamine (2ml, 14mmol) and n-butyllithium (15%, 6ml, 14mmol) in 
hexane at -10°C. After 5 minutes the Reissert compound, 2-cyano-
2,3-dihydro-1,3-bis-( 4-methoxybenzoyl )benzimidazole ( 83f) (0.8g, 
2mmol) was added. to the stirred solution which was gradually allowed 
to warm to room temperature. Sti=ing was continued for a further 6 
hours, after which, the reaction mixture was poured on to crushed 
ice-water (ea. 40g). The yellow precipitate resulting, was 
filtered, washed with water and dried. A t.l.c. [40:60, ethyl 
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acetate: petroleum ether (b.p. 60-80°C)] revealed two spots at Rf 
0.51 and 0.25 for the product gum. The solvent system was used to 
elute the gum through a silica (Ki.eselgel 60) flash =lumn and the 
fraction collected at Rf 0.51 gave a pale yellow solid after 
evaporation of the solvent. Recrystallization of the solid from 
ethyl acetate: ethanol (50:50) gave the title compound (133c) as 
=lourless needles (0.40g, 39%), m.p. 189-191°C. 
Found: 
Requires: 
C, 71.5; H, 4.9; N, 7.4. Cz3H1aN2o2 . 
C, 71.5; H, 4.7; N, 7.3%. 
\J max (KBr), 1685 (<>O); 1660 (C=O), 1600 cm-l (C=O). 
<SH (90 MHz, CDC13 ), 7.65 (4H, d), 7.01-6.52 (8H, m, aromatic), 4.21 
(3H, s) and 3.85 (3H, s). 
m/z, 386.0258 
MeO C6H4CO). 
+ (M. 27%, Cz3H18N2o2 requires 386.0265), 251 (100%, M-
Rmnaticn of benzimidazole-2-carboxylic acid (134) 
Fn:m ClCillpCJUOOs ( l33a) and ( 133b) 
A mixture of 1,2-bis-(methoxycarbonyl)benzimidazole (133a) (0.40g, 
1.7mmol), ethanol (lOml) and aqueous potassium hydroxide (16%, lOml) 
was refluxed for 4 hours. The reaction mixture was cooled and 
diluted with water (15 ml). The aloohol was evaporated under reduced 
pressure and the aqueous fraction neutralized to pH7 with dilute 
acid The neutralized solution extracted with dichloromethane (3 x 
15 ml), washed with water and dried over magnesium sulphate. 
Evaporation of the organic solvent gave a residue which was purified 
by recrystallization from ethyl acetate to give colourless needles 
of benzimidazole-2-carboxylic acid (134) (O.llg, 39%), m.p. 169-
1710C (lit., 121 172-174°C). 
vmax (KBr), 3000-2750 (br, OH), 1710 (C=O), 1250 cm-1 (C--Q). 
oH (60 MHz, CDC13 ), 10.92 (lH, s, C02!!), 8;10 (lH, s, NH) and 7.85-
7.35 ( 4H, m, aranatic) . 
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Use of 1,2-bis-(ethoxycarbonyl)benzimidazole (133b) (0.5g, 1.9 
mmol), in the same procedure, yielded colourless needles of (134) 
(0.13g, 41%), m.p. 170-171°C. 
e) Dithioester Fonnaticn 
2-Benzoyl-1-cyano--1, 2--dihydro-1-tOOthyl th:i.oth.i.ocarli.soqu:UD-
line (136, R=Ph) 
The procedure followed was that a=rding to Popp and Wefer :24c 
2-Benzoyl-1-cyano-1,2-dihydroisoquinoline (6, R=Ph) (2.60g, 10mmol) 
in dry dimethylformamide (10ml) was added dropwise to a well stirred 
solution of sodium hydride (3g of 80% oil dispersion to give 2.4g, 
10mmol of NaH) in DMF (15 ml) under an atmosphere of nitrogen. The 
mixture was maintained at 0°C by an external ice cooling. 
Immediately, carbon disulphide (3.04g, 40mmol) was added, during 
which the red =lour of the Reissert anion was discharged to leave a 
I 
yellow solution. After stirring for 5 minutes, methyl iodide (2.8g, 
20mmol) was added dropwise, a yellow precipitate was formed. The 
reaction was stirred at room temperature for 4 hours and poured into 
ice =ld. water with stirring. The yellow precipitate was removed by 
filtration, washed with ice =ld water and dried. The aqueous layer 
was extracted with dichloromethane (3 x 15 ml). The combined 
extracts were washed with water, dried over magnesium sulphate and 
evaporated. The solid residues were combined and on recrystalli-
zation from absolute ethanol gave the title =mpound. (136, R=Ph) as 
yellow needles (2.14g, 61%), m.p. 171-173°C (lit., 24c 174-176°C). 
The i.r. and p.m.r. spectra were in accord with the data quoted in 
the literature. 
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2--<:.yarx:>--2, 3-dihydro-1, 3-bi.s( 4--methaxybenzoyl )-2--methyl thi.othiocar-
bcnylbenzimida=le (137a) 
, 
To a three-necked round bottomed flask was added dry 
diisopropylamine (2ml, 14mmol) and n-butyllithium (6ml, 14mmol) in 
tetrahydrofuran (5ml). The solution was cooled to -78°C using solid 
carbon dioxide and acetone and the Reissert compound, 2-cyarx>-2,3-
dihydro-1, 3-bis-( 4-methoxybenzoyl )benzimidazole ( 83f) ( 1.3g, 3mmol) 
in dry tetrahydrofuran (lOml) was addE)d, followed by carbon 
disulphide (0.9g, 12mmol). Methyl iodide (0.8g, 6mmol) was then 
added and the reaction mixture was stirred for 4 hours at o"c. The 
resulting yellow solution was poured on to crushed ice-water with 
stirring. The mixture was extracted with dichloromethane (3 x 15 
ml), washed with water and dried over magnesium sulphate. 
Evaporation of the sol vent resulted in a yellow oil being formed. 
Attempted crystallization by trituration and purification by flash 
column chromatography [using Kieselgel 60 flash silica and an ethyl 
acetate: petroleum ether (b.p. 60-80°C) 60:40 solvent system as 
eluent] failed to remove impurities in the crude product (0.32g). 
The spectral data, however, did support the formation of the title 
compound (137a) with traces of residual starting material being 
present. 
".max (liq. film), 1662 an-l (C=O). 
<SH (60 MHz, CDC13 ), 7.82 (4H, d), 7.30-6.82 (8H, m, aromatic), 6.72 
[<lH, s, C2-H, (of 83f)], 3.92 (6H, s, 2 x OMe) and 2.61 (3H, s, 
S-Me). 
m/z, 503.1460 (M"!" 3.2%, c26H21 N3o4s2 requires 503.1482), 456 (21%, 
M-SMe), 386 (12%, M-CN, CS2Me), 135 (100%, MeOC6H4CO), 108 
(48%). 
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2-cyarn-1,3-bis-(e1:iDxycartx:nyl)-2,3~2-iiethyltlrl.oth:i.ocar 
lx:nylbenzimidazo1e (137b) 
To a three-necked round bottomed flask was added dry 
diisopropylamine (2ml, 14mmol) and n-butyllithium (6ml, 14mmol) in 
tetrahydrofuran (5ml). The solution was cooled to -780c using solid 
carbon dioxide and acetone and the Reissert compound, 2-cyarn-1,3-
bis-(ethoxycarbonyl)benzimidazole (83b) (1.08g, 3.7mmol) in dry 
tetrahydrofuran (10 ml) was added, followed by carbon disulphide 
(1.2g, 16mmol). Methyl iodide (1.12g, 8mmol) was then added and the 
reaction mixture was stirred for 4 hours at 0°C. The resulting 
yellow solution was poured on to crushed ice-water and the crude 
solid product ( 137b) obtained was recrystallized from ethanol to 
give the title compound (137b) as yellow needles (0.5g, 35%), m.p. 
121-124°C. 
Found: 
Requires: 
C, 50.8; H, 4.7; N, 11.2. c16H17N3o4s2• 
C, 50.7; H, 4.5; N, 11.1%. 
"max (KBr), 1710 cm-1 (C=O). 
~ (90 MHz, CDC13 ), 7.68-6.70 (4H, m, aromatic), 4.38 (4H, q, 2 x 
CH2CH3 ), 2.59 (3H, s, S-Me), and 1.36 (6H, .t, 2 x CH2CH3 ). 
2-cyarn-1,3-bis-(etb:lltycarl:x:xl)-2-ethylthiot:hiocartJcl-2,3-di-
hydrobenz.imidazole (137c) 
To a three-necked round bottomed flask was added dry diiso-
propylamine (2ml, 14mmol) and n-butyllithium (6ml, 14mmol) in 
tetrahydrofuran (5ml). The solution was cooled to -78°C using solid 
carbon dioxide and acetone and the Reissert compound, 2-cyarn-1,3-
bis-( ethoxycarbonyl )-2,3-dihydrobenzimidazole (83b) (l.lg, 3.8mmol) 
in dry tetrahydrofuran (lOml) was added, followed by carbon 
disulphide (l.Og, 13mmol). Ethyl iodide (l.lg, 8mmol) was then 
added and the reaction mixture was stirred for 4 hours at o0 c. 
Work-up of the reaction mixture gave the crude product (137c), which 
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was recrystallized from ethanol to give the title mmp:>und (137c) as 
yellow rhombs (0.48g, 32%), m.p. 124-12~C. 
Found: c, 52.1; H, 4.9; N, 10.7. C17H19N304S2. 
Requires: c, 51.9; H, 4.9; N, 10.7%. 
vmax (KBr), 1712 cm-1 (C=O). 
0H (90 MHz, CDC13 ), 7.70-6.72 (4H, m, aromatic), 4.40 (4H, q, 2 x 0 
CH2 cH3 ), 3.31 (2H, q, CH2 ), 1.36 (6H, t, 2 x OCH2CH3 ) and 1.20 (3H, 
t, SCH2rn3 ). 
m/z, 393.1257 (M"t 1.6%, c17H19N3o4s2 requires 393.1260), 332 (37%, 
M-SEt), 262 (39%, M-CN, cs2Et), 118 (100%, ~H6N2). 
2-Be.nzy11:h:iot:h:ioca:dJcnyl-2-cyarn-1,3-bis-(etb::lxyt:artx:nl)-2,3-di-
hydrobenzimidazole (137d) 
To a three-necked round bottomed flask was added dry diiso-
propylamine (2ml, 14mmol) and n-butyllithium (6ml, 14mmol) in 
tetrahydrofuran (10m1). Treatment of the solution with 2-cyano-1,3-
bis-(ethoxycarbonyl)-2,3-dihydrobenzimidazole (83b) (1.2g, 4mmol) in 
dry tetrahydrofuran (10ml), carbon disulphide (1.2g, 16mmol) and 
benzyl bromide (1.4g, 8mmol) in the above procedure gave the crude 
product (137d) as a yellow oil (0.41g). Attempted trituration or 
purification by flash mlumn chromatography and preparative t.l.c. 
[4 x 1m silica plates (using a 40:60 ethyl acetate: petroleum ether 
(b.p. 60-80°C) solvent system] failed to remove all traces of 
impurity from the sample, but the formation of the title compound 
( 137d) was supported by spectral analyses. 
vmax (nujol), 1715 cm-1 (C;O). 
oH (60 MHz), 7.50-6.76 (9H, m, aromatic), 4.61 (4H, q, 2 x OCH2CH3 ), 
4.46 (2H, rn2Ph) and 1.46 (6H, t, 2 X OCHzQ!J). 
m/z, 455.1325 (M"!" 2.3%, c 22H21N3o4 s2 requires 455.1337), 262 (10%, 
M-CN, cs2rn2 Ph), 91 (100%, CH2 Ph). 
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f) Retro-Reissert Reacticns with OU.arofarmate Derlved Substrates 
u~ C'artx:lKylic Acids 
General pmoedure 
A mixture of the Reissert =mpound (2.7mmol) and the acid (benzoic 
or n-hexanoic) (5.4mmol) was heated at an oil bath temperature of 
130-140°C for 4 hours. The reaction mass was cooled, dissolved in 
chloroform (30ml), and washed with sodium hydroxide (20%, 50ml). 
The chloroform layer was extracted with hydrochloric acid (50%, 
50ml), and this acid layer was subsequently brought up to pH7 with 
sodium hydroxide solution. The neutralised solution was extracted 
with chloroform (2 x 50ml) and dried over anhydrous magnesium 
sulphate. Concentration of the solvent gave the aromatic 
heter=ycle. 
1. Fonnaticn of benzimi.dizole ( 60) 
1.1 Fran Reissert canpound ( 83c) 
Use of 2-cyano-2, 3-dihydro-1, 3-bis(phenoxycarbonyl)benzimidazole 
(83c) (1.04g, 2.7mmol) and n-hexanoic acid (0.63g, 5.4mmol) in the 
general procedure (pJSO), gave benzimidazole (60) in 43% yield, m.p. 
178-179°C (lit., 103 178-179°C) The i.r. and p.m.r. spectra were 
identical to those of a =mmercial sample of benzimidazole (60). 
1. 2 Fran Reissert COllP?und ( 83b) 
i) Use of 2-cyano-1,3-bis(ethoxycarbonyl)-2,3-dihydrobenzimi-
dazole (83b) (0.78g, 2.7mmol) and n-hexanoic acid (0.63g, 
5.4mmol) in the general procedure (p.180), gave benzimidazole 
(60) in 40% yield, m.p. 178-179°C. The i.r. and p.m.r. spectra 
were identical to those of a commercial sample of benzimidazole 
( 60). 
ii) Use of 2-cyano-1,3-bis(ethoxycarbonyl)-2,3-dihydrobenzimidazole 
(83b) (0.78g, 2.7mmol) and benzoic acid (0.66g, 5.4mmol) in the 
general pr=edure (p.180), gave benzimidazole in 45% yield, rn.p. 
177-179°c. The i.r. and p.m.r. spectra were identical to those 
of a =rnrnercial sample of benzimidazole. 
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2. Fo:r:maticn of 2---nethylbenzimidazole (101a) 
2.1 Use of 2-cyano-1,3-bis(ethoxycarbonyl)-2,3-dihydro-2-methyl-
benzimidazole (lOOb) (0.82g, 2. 7mmol) and benzoic acid (0.66g, 
5.4mmol) in the general procedure (p.180), gave 2-
methylbenzimidazole (lOla) in 50% yield, m.p. 173-175°C 
(lit., 100 176-177°C). The i.r. and p.m.r. spectra of (lOla) 
were identiCal to those of a sample made previously (pl70). 
2.2 Use of 2-cyano-1,3-bis(ethoxycarbonyl)-2,3-dihydro-2-methyl-
benzimidazole (lOOb) (0.83g, 2.7mmol) and n-hexanoic acid 
(0.65g, 5.4mmol) in the general procedure (pJ.80) gave 2-methyl-
benzimidazole (lOla) in 40% yield, m.p. 173-175°C. 
3. Fo:r:maticn of 2-ethylbenzimidazole (10lb) 
Use of 2-cyano-1,3-bis(ethoxycarbonyl)-2-ethyl-2,3-dihydrobenzi-
midazole (100c) (0.86g, 2.7mmol) and benzoic acid (0.66g, 5.4mmol) 
in the general procedure (pl80), yielded 2-ethylbenzimidazole (lOlb) 
in 40% yield, m.p. 171-173°C (lit., 101 172-174°C). The i.r. and 
p.m.r. spectra of (lOlb) were identical to those of a sample made 
previously (p.l7J}. 
4. React:lc:ns usin;J 1 1101e equivalent of acid to ~ substrata 
4.1 Use of 2-cyano-1,3-bis(ethoxycarbonyl)-2,3-d.ihyClrobenzimidazole 
(0.78g, 2.7mmol) and benzoic acid (0.33g, 2.7mmol) in the above 
procedure (p.l80), gave benzimidazole (60) in 38% yield. 
4. 2 Use of 2-cyano-1,3-bis( ethoxycarbonyl )-2,3-dihydrobenzimidazole 
(0.31g, 2.7mmo1) and n-hexanoic acid (0.3lg, 2.7mmol) in the 
above procedure (pJ.SO), gave benzimidazole (60) in 33% yield. 
4.3 Use of 2-cyano-1,3-bis(ethoxycarbonyl)-2,3-dihydro-2-methyl-
benzimidazole (0.82g, 2.7mmol) and benzoic acid (0.33g, 
2.7mmol) in the above procedure (p.l80), gave 2-methylbenzi-
midazole (lOla) in 40% yield. 
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g) Some Sb.ldies of Jleal.koxycarbolaixn Reacti.cn of 01larofarntate 
Derived Benzimidazole Reissert O:xnpounds Using Lithium Iodide 
and 'l'rllnethylsilyl Iodide, as a Retm-Reissert Procedure 
1. Reactioos ~ lithium iodide.130 
1.1 Fonnation of benzimidazole ( 60) 
i) To a three-neck round bottomed flask was added the Reissert 
compound, 2-cyano-2, 3-dihydro-1, 3-bis(methoxycarbonyl)benzi-
midazole (83a) (0.43g, 1.76mmol) and anhydrous lithium iodide 
(l.lg, 8.5mml) in freshly dried and distilled dimethylformamide 
(lOml). Nitrogen gas was passed into the reaction vessel via 
an inlet tube and the mixture was heated to an oil bath 
temperature of 150°C for 3 hours with continual stirring. The 
reaction mixture was then cooled, dissolved in chloroform, 
washed with water, and then with 20% sodium hydroxide. The 
chloroform was extracted with 50% hydrochloric acid and this 
acid layer was subsequently neutralised with sodium hydroxide 
solution. The neutralised solution was extracted with 
chloroform and dried over magnesium sulphate. Evaporation of 
the organic sol vent gave a light brown gum which was triturated 
and recrystallized from ether to give benzimidazole (60) as 
colourless crystals (40% yield), m.p. 177-179°C •. The i.r. and 
p.m.r. spectra were identical to those of an authentic sample 
of benzimidazole (60). 
ii) To a three-neck round bottomed flask was added the Reissert 
=mpound, 2-cyano-1, 3-bis( ethoxycarbonyl )-2, 3-dihydrobenzimi-
dazole (83b) (0.49g, 1.7mmol), and anhydrous lithium iodide 
(l.lg, 8.5mmol) in dry dimethylformamide (lOml). The reaction 
mixture was then heated to an oil bath temperature of 150°c for 
3 hours under a blanket of nitrogen. Work-up of the reaction 
mass gave a brown oil, which was triturated with ether and 
recrystallized to give benzimidazole (60) as colourless 
crystals (40%), m.p. 177-179°C. The i.r. and p.m.r. spectra 
were identical to tlx:>se of an authentic sample of benzimidazole 
( 60). 
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iii) To a three-neck round bottomed flask was added 2-cyano-2,3-
dihydro-1, 3-bis( methyoxycarbonyl )benzimidazole ( 83a) ( 0.44g, 
1.77mmol) and lithium iodide (l.lg, 8.5 mmol) in dry and 
distilled 2,4,6-collidine (lOml). The reaction mixture was then 
heated under reflux for 8 hours under a blanket of nitrogen. 
Work-up of the reaction mass gave benzimidazole (60) in 50% 
yield, m.p. 177-179°C. The i.r. and p.m.r. spectra were 
identical to those of an authentic sample of benzimidazole 
(60). 
iv) 'Ib a three-necked round bottomed flask was added 2-cyano-1,3-
bis(ethoxycarbonyl)-2,3-dihydrobenzimidazole (83b) (0.5g, 
1.7mmol) and lithium iodide (l.lg, 8.5 mmol) in dry and 
distilled 2,4,6-collidine (lOml). The reaction mixture was then 
heated under reflux for 8 hours under a blanket of nitrogen. 
Work-up of the reaction mass gave benzimidazole (60) in 46% 
yield, m.p. 177-179°C. The i.r. and p.m.r. spectra were 
identical to an authentic sample of benzimidazole (60). 
2. Reaction using t:rinethylsilyl iodide 
2.1 Cleavage of carbamates. General procedure 
A mixture of the Reissert compound (lOmmol) trimethylsilyl iodide 
(20mmol), in dry acetonitrile (30ml) was heated under reflux in a 
nitrogen atmosphere. The progress of reaction was monitored by 
t.l.c. to check for disappearance of the starting material. At the 
end of the reaction (8 hours), the mixture was cooled to room 
temperature and treated with methanol (3ml) and HCl gas and stirred 
for 15 minutes. The volatile materials were then removed under 
reduced pressure and the residue dissolved in methanol. After 
removal of methanol under reduced pressure, the residue was shaken 
with ether (20ml) and water (20ml). The aqueous layer was again 
extracted with ether (20ml), and the combined ethereal extract was 
washed with water (3 x 20ml), sodium sulphate solution (10%, 20ml) 
and brine. The organic layer was then dried over anhydrous sodium 
sulphate and evaporation of the solvent gave the aromatic 
heterocycle. 
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2. 2 Fonnation of benzimidazole ( 60) 
i) Use of 2-cyano-2,3-dihydro-1,3-bis(methoxycarbonyl)benzimida-
zole (83a) (2.16g, 10mmol) and trimethylsilyl iodide (2.0g, 
10mmol) in the general procedure (p .183) gave benzimidazole { 60) 
in 52% yield, m.p. 176-178°C. The i.r. and p.m.r. spectra were 
identical to those of an authentic sample of benzimidazole 
(60). 
ii) Use of 2-cyano-1, 3-bis( ethoxycarbonyl)-2,3-dihydrobenzimidazole 
(83b) (2.89g, 10mmol) and trimethylsilyl iodide (2.0g, lOmmol) 
in the general procedure (p:t83), gave benzimidazole (60) in 54% 
yield, m.p. 176-178°c. The i.r. and p.m.r. spectra were 
identical to those of an authentic sample of benzimidazole 
(60). 
PARr [C] ATTEMPTED FORMATION OF REISSERT COMPOUND FROM N-ALKYL-
BENZIMIDAZOLES 
a) Preparation of N-AlkylBenzimidazoles (152, R=Me) and (152, 
R=l'l:aiz) 
1. 1-Metilylbenzimidazole (152, R=M::l) 
To a mixture of benzimidazole (60) (1g, 8.5mmol) and potassium 
hydroxide (crushed pellets) (1g, 20mmol) in dry methanol (20ml) was 
added metilyl iodide (3g, 20mmol). The mixture was heated to reflux 
for a period of 5 hours and then cooled and diluted with water 
(30ml). The mixture was then extracted with dichloromethane (3 x 
20ml) and washed with water, before drying over anhydrous magnesium 
sulphate. Evaporation of the solvent under reduced pressure gave the 
crude product (152, R=Me) as a pink solid. Recrystallization from 
petroleum ether (b.p. 60-80°C) yielded 1-methylbenzimidazole (152, 
R=Me) as colourless plates (0.92g, 82%), m.p. 64-65°C (lit., 146 
66°C). The spectral data of (152, R=Me) were in accord with those 
quoted in the literature. 
'\r (90 MHz, CDC13 ), 7.60-7.10 (5H, m, aromatic), and 3.95 (3H, s, 
Me). 
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m/z, 132.0687 (M"!" 0.9%, c8H8N2 requires 132.0690), 117 (100%, 
... 0H5N2, M-Me). 
2. 1-Benzylbenzimidazole (152, R=Pl0!2 ) 
To a mixture of benzimidazole (60) (1g, 8.5mmol) and potassium 
hydroxide pellets (1g, 20mmol) in dry methanol (20ml) was added 
benzyl bromide (3.4g, 20mmol). The mixture was heated to reflux f= 
a period of 5 hours and then cooled and diluted with water (30ml). 
Work-up of the reaction mixture as in the above procedure gave the 
. . .. ~ .. , ,_;,,. 
crude product (152, R=PhCH2 ) as.a brciwn gum. Trituration and 
subsequent rem:ystallization from ethaml gave 1-benzylbenzimidazole 
(152, R=PhCH2 ) as yellow rhombs (l.09g, 62%), m.p. 113-115°C 
(lit., 147 115°C). 
oH (90 MHz, CDC13 ), 7.70-7.10 (10H, m, aromatic), and 6.95 (2H, s, 
CH2>· 
b) Attempted Preparation of Reissert Compounds From M-Alkyl-
benzimidazole (152) Using Aroyl Chlorides and Chloroformate 
Reagents 
1. Faonati.cn of aroyl cyanides 
1.1 4-Methylbenzoyl cyanide (155a) 
To a well stirred solution of 1-methylbenzimidazole (152, R=Me) 
(0.92g, 7mmol) in dry dich1oromethane (30ml) and trimethylsilyl 
cyanide (0.87ml, 7mmol) was added a catalytic amount of anhydrous 
aluminium chloride (0.05g). After several minutes, ,2-toluoyl 
chloride (l.OBg, 7mmol) in dry dichloromethane (15ml) was added 
dropwise over 20 minutes and the reaction mixture stirred at room 
temperature for 48 hours. The solution was then washed with 5% 
hydrochloric acid, water, 5% aqueous sodium hydroxide and water. The 
organic layer was dried over magnesium sulphate and filtered. The 
filtrate was concentrated under reduced pressure giving first a 
clear liquid which precipitated to give a pink solid after oooling 
to below 25°C. Recrystallization of the solid from a 
hexane:chloroform (60:40) mixture gave 4-methylbenzoyl cyanide 
(155a) as yellow needles (l.5g, 70%), m.p. 48-50°C (lit.,174 52°c). 
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"max (I<Br), 2220 (C=N), 1675 an-1 (C=O). 
0 H (60 MHz, CDC13 ), 7.85-7.10 (4H, m, aromatic), and 2.40 (3H, s, 
Me). 
m/z, 145.0526 (Mt 5.3%, c9H7No requires 145.0528)m 135 (100%, 
MeC6H4CO). 
1. 2 4-Chlorol?enzoyl cyanide ( 155b) 
To a well stirred solution of 1-methylbenzimidazole (152, R=Me), 
(0.92g, 7mmol) in dry dichloromethane (25ml) and trimethylsilyl 
cyanide (0.87ml, 7mmol) was added a catalytic amount of anhydrous 
aluminium chloride (0.05g). After several minutes, 4-chlorobenzoyl 
chloride (l.lg, 7mmol) in dry dichloromethane (lOml) was added 
dropwise over 20 minutes and the reaction mixture stirred at room 
temperature for 48 h:Jurs. ·work-up of the reaction mixture, as in the 
above procedure, yielded the crude product (155b) as a yellow oil. 
Trituration with ethan:Jl and subsequent recrystallization form ethyl 
acetate gave 4-chlorobenzoyl cyanide (155b) as yellow :r:hombs (0.4g, 
34%), m.p. 68-70°C (lit., 175 69-70°C). 
"rnax (I<Br), 2226 (Q;N), 1670 an-1 (C=O). 
oH (60 MHz, OJC13 ), 7.40-7.20 (4H, m, aranatic). 
1.3 ~1 cyanide (155c) 
To a well stirred solution of 1-methylbenzimidazole (152, R=Me) 
(0.92g, 7mmol), trimethylsilyl cyanide (0.87ml, 7mmol) and a 
catalytic amount of anhydrous aluminium chloride (0.05g) in 
dichloromethane (30ml) was added benzoyl chloride (0.95g, 7mmol) 
over a period of 20 minutes. The reaction mixture was then stirred 
at room temperature for 48 h:Jurs. Work-up of the reaction mixture as 
in the above procedure (p. 1&$) yielded benzoyl cyanide ( 155c) as 
colourless needles (0.34g, 37%), m.p. 30-33°C (lit., 176 32-33°C). 
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"max (KBr), 2230 (C=N), 1660 an-l (C=O). 
0H (60 MHz, CDC13 ), 7.78-7.21 (5H, m, aromatic). 
By a similar procedure to the above using 1-methylbenzimidazole 
(152, R=Me) use of 1-benzylbenzimidazole (152, R=PhCH2 ) (1.46g, 
7mmol), trimethylsilyl cyanide (0.87ml, 7mmol), anhydrous aluminium 
chloride (0.05g) and benzoyl chloride (0.95g, 7mmol) gave benzoyl 
cyanide (155c) as ~olourless needles (0.36g, 39%), m.p. 31-33°C. 
The i.r. and p.m.r. spectra were identical to those of the previous 
sample of (155c). 
1.4 Reaction of MecJSiOI with p-tcluoyl chloride in the absence of 
(152, R=Me) 
To a mixture of E-tcluoyl chloride (1.08g, 7mmol) and trimethylsilyl 
cyanide (0.87ml, 7mmol) in dichloromethane (25ml) was added a 
catalytic amount of anhydrous aluminium chloride (0.05g). Work-up of 
the reaction mixture as in the above procedure (p.185) gave 4-
methylbenzoyl cyanide (155a) in 5% yield, m.p. 48-50°C. The i.r. and 
p.m.r. spectra were identical to those of a previously prepared 
sample of (155a). 
2. Fannaticn of !!-Alkylbenzimida=le-2--cartxni.triles 
2.1 Formation of 1-methylbenzimidazole-2-carbonitrile (159, R=Me) 
i) With methyl chlomformate 
To a well stirred solution of 1-methylbenzimidazole (152, R=Me) 
(0.92g, 7mmol) in dry dichloromethane (25ml) and trimethylsilyl 
cyanide (0.87ml, 7mmol) was added a catalytic amount of anhydrous 
aluminium chloride (0.05g). After several minutes, methyl 
chloroformate (0.85g, 7mmol) was added dropwise to the reaction 
mixture over a period of 20 minutes, and the mixture was allowed tc 
stir at room tempperature for a further 48 hours. The reaction 
mixture was then washed with 5% hydrochloric acid, water, 5% aqueous 
sodium hydroxide and water. The organic layer was dried over 
magnesium sulphate and filtered. The filtrate was concentrated 
under reduced pressure to give a yellow solid, which was 
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recrystallized from ethyl acetate to give 1-methylbenzimidazole-2- ' 
carbonitrile (159, R=Me) as colourless needles (0.56g, 52%), m.p. 
175-177°C (lit., 151 178-179°C). The i.r. and pm.r. spectra of (159 
R=Me) were identical to those of an authentic sample prepared 
subsequently (pl91). 
vmax (KBr), 2220 an-1 (C=N). 
oH (60 MHz, CDC13 ), 8.10-7.10 (4H, m, aromatic) and 3.75 (3H, s, 
Me). 
m/z, 157.0622 (M"!" 14%, Cg~N3 requires 157.0639), 131 (100%, CaH7N2 
+ M. -GI). 
ii) With ethyl chloformate 
To a well stirred solution of 1-methylbenzimidazole (152, R=Me) 
(0.92g, 7mmol), in dry dichloromethane (25ml), trimethylsilyl 
cyanide (0.87ml, 7mmol), and anhydrous aluminium chloride (0.05g) 
was added ethyl chloroformate (0.85g, 7mmol) over a period of 20 
minutes. The reaction mixture was then allowed to stir at room 
temperature for a further 48 hours. Work-up of the reaction mixture 
as in the above procedure yielded 1-methylbenzimidazole-2-
carbonitrile (159, R=Me) as colourless needles (0.58g, 56%), m.p. 
174-176°C. The i.r. and p.m.r. spectra were identical to those of 
an authentic sample of (159, R=Me) (p.l91 ). 
iii) With phenYl chloroformate 
To a well stirred solution of 1-methylbenzimidazole (152, R=Me) 
(0.92g, 7mmol) in dry dichloromethane (30ml), trimethylsilyl cyanide 
(0.87ml, 7mmol) and anhydrous aluminium chloride (0.05g) was added 
phenyl chloroformate (1.09g, 7mmol) over a period of 20 minutes. The 
reaction mixture was then allowed to stir at room temperature for a 
further 48 hours. Work-up of the reaction mixture as in the above 
procedure (p187) gave 1-methylbenzimidazole-2-carbonitrile (159, 
R=Me) as colourless needles (0.46g, 42%), m.p.175-177°c. The i.r. 
and p.m.r. spectra were identical to those of an authentic sample of 
(159, R=Me) (p~91). 
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2.2 Formation of 1-l:Jenzylbenzimidazole-2-carbonitrile 
(159, R=Oi2Ph) 
To a well sti:rred solution of 1-benzylbenzimidazole (152, R=Oi2Ph) 
(1.46g, 7mmol) in dry dichloromethane (30ml), trimethylsilyl cyanide 
(0.87 ml, 7mmol), and anhydrous aluminium chloride (0.05g) was added 
ethyl chloroformate (0.85g, 7mmol) over a period of 20 minutes. The 
reaction mixture was then allowed to stir at room temperature f= a 
further 48 hours. Work-up of the reaction mixture as in the above 
procedure (pl87) gave 1-benzylbenzimidazole-2-carbonitrile (159, 
R=CH2Ph) as pale yellow needles (0.87g, 53%), m.p. 179-181°C 
(lit., 151a 182-183°C). 
vmax (KBr), 2228 =-1 (C•N). 
oH (60 MHz, CDC13 ), 7.81-7.20 (9H, m, aromatic), and 6.93 (2H, s, 
rn2>· 
m/z, 233.0784 (Mt 1.5%, c15H11N3 requires 233.0787), 207 (100%, 
!'(-m). 
2.3 Repeat of procedure (p.181) in absence of aluminium chl=ide 
A solution of 1-methylbenzimidazole (152, R=Me) (0.92g, 7mmol) in 
dichloromethane, trimethylsilyl cyanide (0.87ml, 7mmol) and methyl 
chloroformate (0.85g, 7mmol) was stirred at room temperature for 48 
hours in the absence of aluminium chloride. Work-up of the reaction 
mixture as in procedure (p;l87) gave recovered 1-methylbenzimidazole 
(152, R=Me) in 85% yiel~ 
2.4 Repeat of procedure (p.187) in absence of methyl chloroformate 
A solution of 1-methylbenzimidazole (152, R=Me) (0.92g, 7mmol) in 
dichloromethane, trimethylsilyl cyanide (0.87ml, 7mmol) and 
anhydrous aluminium chloride (0.05g) was stirred at room temperature 
for 48 hours in the absence of methyl chloroformate. Work-up of the 
reaction mixture as in procedure (p.:187) gave 1-methylbenzimidazole-
2-carbonitrile (159, R=Me) in 41% yiel~ 
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2.5 Preparation of 1-rnethylbenzimidazole-2-carlJoni.trile (159, R=Me) 
i) N-Methyl-2-nitrofonnanilide (168) 
A mixture of ~-methyl-~-nitroaniline (167) (6.0g, 0.04mol) and 
acetic formic anhydride [prepared from acetic anhydride (9.5ml, 
0.1mol) and formic acid (98%, 3.8ml, 0.1mol)] was allowed to stand 
overnight at room temperature. The resulting yellow solution was 
concentrated, and the residual oil dissolved in choroform (30m1) and 
neutralised with aqueous sodium bicarb:lnate solution. The organic 
layer was then separated, dried over sodium sulphate, filtered and 
evaporated to leave a yellow solid (168). Recrystallization from 
ether gave ~-methyl-2-nitroformanilide (168) as yellow plates (6.9g, 
77%), m.p. 67-69°c (lit., 157 67-69°c). 
"max (KBr), 1630 (C=O), 1600 an-1 (C=C). 
0H (90 MHz, CDC13 ), 8.23 (lH, s), 7.70-7.20 (4H, m, aromatic), and 
4.61 (3H, s, Me). 
ii) N-Methylbenzimidazole-3-oxide ( 169) 
N-Methyl-2-nitroformanilide (168) (2.0g, llmmol) was added to a 
solution of potassium hydroxide (20ml) and ethanol-ammonium 
hydroxide solution (.880 ammonia saturated at o0 c, lOOml). Hydrogen 
sulphide was then bubbled into the mixture from a Kipps apparatus 
for 3 hours. The mixture was allowed to stand overnight at room 
temperature and the resulting brown solution was concentrated to 
lOml. The precipitated sulphur was then filtered off and washed with 
ethanol. After removal of the ethanol from the oombined filtrate and 
washings, acetone was added to the residual brown oil and left to 
stand overnight. The N-oxide (169) was then obtained as colourless 
needles from filtered precipitate (0.65g, 40%), m.p. 60-62°C 
(lit., 177 60-62°C), with the N-methylbenzimidazole side-product 
(152) remaining in the supematant. 
m/z, 148.0322 (M'!" 1.6%, c8H8N2o requires 148.0325), 132 (100%, 
caHaN2>· 
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iii) N-Methylbenzimidazole-2-carbonitrile (159, R=Me) 
To a stirred mixture =ntaining the !!-oxide (169) (0.7g, 5mmol) and 
trimethylsilyl cyanide (0.55g, 5.5mmol) in dichloromethane (lOml) 
was added dimethylcarbamoyl chloride (0.54g, 5mmol) over a period of 
15 minutes. Sti=ing was =ntinued at room temperature for a further 
18 hours. The reaction mixture was then treated with aqueous 
potassium carbonate (10%, lOml) with further stirring for 10 minutes 
and the organic layer separated. The aqueous layer was extracted 
with dichlororriethane (2 x lOml) and the combined organic extracts 
dried over anhydrous potassium carbonate. Evaporation of the solvent 
under reduced pressure gave an authentic sample of 1-
methylbenzimidazo1e-2-carbonitrile (159, R=Me) (0.25g, 45%), m.p. 
175-177°C (lit., 151 178-179°C). The i.r. and p.m.r. spectra of this 
sample were identical to those of the compound obtained from the 
reaction of 1-methylbenzirnidazole (159, R=Me) and the chloroformate 
reagents (pp.187,·188). 
"max (KBr), 2220 cm-1 (GoN). 
6g (90 MHz, CDCl3), 8.10-7.10 (4H, m, aromatic) and 3.75 (3H, s, 
Me). 
m/z, 157.0635 (M; 14%, Cg~N3 requires 157.0639), 131 (100%, c8H7N2 
M!-CN). 
c) OXidative Cleavage Reacticos Using PhJs{txlrus Pentachlaride With 
Benzimidazole Rei sMrt Ccmpoonds am. Related Heterocycles 
General. Procedure 
The Reissert compound (3mmol) was heated with phosphorus 
pentachloride ( 6mmol) at an oil bath temperature of 130-135°C for 4 
hours. The reaction mixture was cooled, dissolved in chloroform 
(15ml) and treated with water (15ml). The chloroform layer was 
washed with dilute aqueous sodium hydroxide and then water before 
drying over anhydrous magnesium sulphate. Evaporation of the solvent 
under reduced pressure gave the nitrile which as purified by 
recrystallization. 
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1. Fannaticn of benzimida=le-2-carb:::nitrile (176) 
1.1 Frcm Reissert CCI11P?lJ!ld ( 83, R=EtO) 
Use of 2-cyano-1,3-bis(ethoxycarbonyl)-2,3-dihydrobenzimida=le (83, 
R=EtO) (0.86g, 3mmol) with phosphorus pentachloride (1.2g, 6mmol) in 
the general procedure (p.191l yielded a brown gum. Trituration and 
recrystallization from ethyl acetate gave benzimidazole-2-
carbonitrile (176) as pale yellow rhombs (0.2g, 42%), p. 187-188°C 
(lit./65 188-189°c). The i.r. and p.m.r. spectral data srown below 
are in accord with those in the li terature.165 
vmax (KBr), 2220 an-1 (C=N) 
oH (90 MHz, CDC13 ), 8.05 (lH, br, NH), and 7.81-7.25 (4H, m, 
aranatic). 
m/z, 143.0128 (M!" 14% CsH5N3 requires 143.0131), 117 ( 100%, M-Ol). 
1.2 Frcm Reissert cx::mp:?und (83, R=Ph) 
Use of 1,3-dibenzoyl-2-cyano-2,3-dihydrobenzimidazole (83, R=Ph) 
(l.lg, 3mmol) with phosphorus pentachloride (1.2g, 6mmol) in the 
general procedure (p.191), gave benzimidazole-2-carbonitrile (176) as 
pale yellow rhombs after recrystallization from etpyl acetate 
(0.15g, 37%), m.p. 186-188°C (lit., l65 188-189°C). The i.r. and 
p.m.r. spectra were identical to those of the previous sample of 
(176). 
1.3. Frcm Reissert CCI11P?lJ!ld (83, R=4-MeOC6H4 ) 
Use of 2-cyano-2,3-dihydro-1, 3-bis( 4-methoxybenzoyl )benzimidazole 
(83, R=4-MeC6H4 ) (1.2g, 3mmol) with ph6sprorus pentachloride (1.2g, 
6mmol) in the general procedure (p.191), yielded a yellow oil, which 
was triturated and recrystallized from ethyl acetate to give 
benzimidazole-2-carbonitrile (176) as yellow rhombs (0.14g, 34%), 
m.p. 186-188°C (lit., 165 188-189°C). The i.r. and p.m.r. spectra 
were identical to those of the previously prepared sample of (176). 
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2. Fcmna:l:im of quinaldcnitrile (178) 
2.1 F.mn Reissert canpound [(4), R=Ph] 
Use of 1-benzoyl-2-cyano-1,2-dihydroquinoline [(4), R=Ph] (0.78g, 
3mmol) with phosphorus pentachloride (l.2g, 6mmol) in the general 
procedure (pJ91), gave quinaldonitrile (178) as colourless needles 
after recrystallization from ethanol (0.16g, 30%), m.p. 92-94°c 
(lit.,l66 94°C). The i.r. and p.m.r. spectral data of (178) are in 
accord with those in the literature_l66 
"max (KBr), 2224 cm-1 (c=N). 
oH (90 MHz, a:x:a3 ), 8.90 (2H, s), and 8.45-7.85 (4H, m, aronatic). 
2.2 F.mn Reissert canpound [(177), R=EtO] 
Use of 2-cyano-1, 2-dihydro-1-ethoxycarbonylquinoline [(177), R=EtO] 
(0.68g, 3mmol) with phosphorus pentachloride (l.2g, 6mmol) in the 
general procedure (p.191 ), yielded quinal doni trile ( 178) as 
colourless needles after recrystallization from ethanol (0.12g, 
28%), m.p. 92-94°C. The i.r. and p.m.r. spectra were identical to 
those of the previous sample of (178). 
3. Fonnaticn of iooqui.nald:nitrile ( 179) 
3.1 F.mn Reissert canpound [(6), R=Ph] 
Use of 2-benzoyl-1-cyano-1,2-dihydroisoquinoline [(6), R=Ph] (0.79g, 
3mmol) with phosphorus pentachloride (l.2g, 6mmol) in the general 
procedure (p.191), gave isoquinaldonitrile (179) as pale yellow 
needles after rec:rystallizatian from ethanol (0.18g, 42%), m.p. 86-
880C (lit., l67 89°C). The i.r. and p.m.r. spectral data of (179) 
are in accord with those in the literature.l67 
"max (KBr), 2226 cm-1 (C=N). 
oH (90 MHz, a:x:a3 ), 9.10 (2H, s), and 8.10-7.50 (4H, m, aronatic). 
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3.2 Fran Reissert ccmpound [(139), R=Et:OJ 
Use of 1-cyano-1,2-dihydro-2-ethoxycarbonylisoquinoline [(139), 
R=EtO], (0.69g, 3mmol) with phosphorus pentachloride (1.2g, 6mmol) 
in the general proceure (p.191), yielded the product (179) as a brown 
oil. Trituration and recrystallization from ethanol gave 
isoquinaldonitrile (179) as pale yellow rhombs (0.17g, 40%), m.p. 
86-88°c. The i.r. and p.m.r. spectra were identical to those of the 
previous sample of (179). 
4. Fonnaticn of J;hthalaz:ine-1-c:arbooitrile (180) 
Use of 2-benzoyl-1-cya=-1,2-d:i.hydrophthalazine [(30), R=Ph] (0.78g, 
3mmol) with phosphorus pentachloride (1.2g, 6mmol) in the general 
procedure {p.191), gave the product (180) as a yellow gum. 
Trituration and recrystallization from ethaoc>l gave phthalazine-1-
carbonitrile (180) as yellow prisms (O.l6g, 37%), m.p. 146-148°c 
(lit., 168 148-149°C). 
'inax (KBr), 2229 cm-1 (G:;N). 
a H (90 Iv!Hz, CDC13 ), 8. 95 (lH, s, C4-H), 7. 9D-7 .25 ( 4H, m, aranatic). 
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aJAPTER 2 
FUNCTIONALISATICN AND MDIFICATICN OF IMIDAZOLES 
BY THE REISSERT APPROI\OI 
PARI' [A] REISSERT COMPOUND FORMATION FROM IMIDA!OLE: FIRST 
EXAMPLES OF MONOCYCLIC FIVE-MEMBERED RING REISSERT 
a:MPCXJNDS 
General Piocedure 
To a well stirred solution of imidazole (14mmol) in dry 
dichloromethane (25ml) and trimethylsilyl cyanide was added 
anhydrous aluminium chloride (O.lg). The acid chloride (28mmol) in 
dry dichloromethane (15ml) was added dropwise over 15 minutes and 
the reaction mixture stirred at room temperature for 48 hours. The 
reaction mass was washed with water, 5% hydrochloric acid, water, 5% 
sodium hydroxide and water. The dichloromethane layer was dried over 
anhydrous magnesium sulphate and filtered. The filtrate was 
evaporated tmder reduced pressure and the crude product was purified 
by recl:}:"Stallization from the appropriate sol vent. 
2-<:yano-2,3--dihydro-1,3-bis(mathaxycarl:xnyl)imidazole (188a) 
Use of imidazole (0.95g, 14mmol), trimethylsilyl cyanide (1.04g, 
1.4ml, lOmmol), anhydrous aluminium chloride (O.lg) and methyl 
chloroformate (2.6g, 28mmol) in the general procedure above, yielded 
the crude product (188a) as a yellow solid. Recrystallization from 
petroleum ether (b.p. 60-80°C) gave the title compound (188a) as 
=lourless needles (1.7g, 59%), m.p. 89-91°C. 
Found: 
Requires: C, 45. 7; H, 4.3; N, 19. 9%. 
vmax (KBr), 1720 (C;O), 1600 cm-1 (C;C) 
0H (90 MHz, CDC13 ), 6.40 (lH, s, C2-H), 6.31 (2H, br, s, CH;CH) 3.92 
(6H, s, 2xCMe). 
195 
m/z 211.0216 (M~ 17%, c8H9N3o4 requires 211.0218), 67 (M+ 100%, -· 
C:3H3N2). 
2--cyano-1,3-bis( et:OOxycarlxnyl )-2,3-d:ihydroimidazole ( 188b) 
Use of imidazole (0.95g, 14mmol) trimethylsilyl cyanide (1.5g, 2ml, 
13.7mmol), anhydrous aluminium chloride (0.1g) and ethyl 
chloroformate (3.02g, 25mmol) in the general procedure (p.195), gave 
the title compound (188b) as colourless rosettes after recrystal-
lization from petroleum ether (b.p. 60-80°C), 1.9g (58%), m.p. 88-
900c. 
Found: c, 50.2; H, 5. 6; N, 17.4. C1oli1:j'3°4 
Requires: c, 50.2; H, 5.5; N, 17.6%. 
"max ( KBr), 1715 (C"O, 1601 cm-1 (~C). 
0H (90 MHz, CDC13 ), 6.45 (1H, s, C2-H), 6.20 (2H, br, s, CH'=CH), 
4.30 (4H, q, 2xCH2CH3 ), 1.35 (6H, t, 2 xCH~) 
1,3-Dibenzoyl-2-cyaoo-2,3-dibydro:inddazole (188c) 
Use of imidazole (1g, l4.7mmol), trimethylsilyl cyanide (1.5g, 2ml, 
13.7mol), anhydrous aluminium chloride (0.1g) and benzoyl chloride 
(3.9g, 28mmol) in the general procedure (p.195), gave the crude 
product (l88c) as an off white solid. Rem:ystallization from ethyl 
acetate gave the title mmpound (l88c) as mlourless needles (2.7g, 
61%), m.p. 170-172°C. 
Found: c, 69.5; H, 4.3; N, 13.4. SaH13N3ez. t H2o. 
Requires: C, 69.2; H, 4.5; N, 13.5%. 
"max (I<Br), 1660 cm-1 (~O) 
oH (90 MHz, CDC13 ), 8.30-7.41 (10H, m, aromatic), 6.82 (1H, s, C2-
H), and 6.35 (2H, s, CH"CH). 
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m/z, 303.0513 (M"!" 10.1%, c 18H13M3o2 requires 303.0514), 105 (100%, 
C6Hsa:J). 
1,3-Bi.s-(4-<:hlarob.rtaooyl)-2-cyaxn-2,3-dihydroimi.dazle (188d) 
Use of imidazole (lg, 14.7mmol), trimethylsilyl cyanide (1.4g, 
1.9ml, 13.6mmol), anhydrous aluminium chloride (O.lg) and 4-
chlorobutanoyl chloride (3.95g, 28mmol) in the general procedure 
(p.195l, gave the crude product (188d) as a pale yellow solid. 
ReCI:yStallization from ethyl acetate gave the title compound (188d) 
as colourless rh:lmbs (2.3g, 52%), m.p. 182-184°C. 
Found: C, 47.6; H, 4.8; M, 13.7. c12H15M3~Cl2 
Requires: C, 47.5; H, 5.0; M, 13.9%. 
vmax (KBr}, 1670 cm-1 (C=O). 
oH (90 MHz, CDC13 ), 6.50 (1H, s, C2-H), 6.41 (2H, br, s, CH=CH), 
3.72 (4H, t, 2xCHzCl), 2.90 (4H, t, 2xCH2CO), and 2.38 (4H, m, 
2x0t2rn201zc1 >. 
1,3-Bi.s-(2-chlo:raoothylbenzoyl)-2-~2,3-d:ihythoimidazole (188e) 
Use of imidazole (0.96g, 14mrnol), trimethylsilyl cyanide (1.5g, 2rnl, 
13.7mmol), anhydrous aluminium chloride (O.lg) and 2-chloromethyl-
benzoyl chloride (5.lg, 28mmol) in the general procedure (p.195), 
gave the title compound (188e) as colourless needles after 
reccystallization from absolute ethanol (3.5g, 63%), m.p. 155-lS~C. 
Found: C, 59.8; H, 3.9; N, 10.2. CzcfllSN3o2c12 
Requires: C, 60.1; H, 3.7; N, 10.5% .. 
vmax (I<Br) 1665 cm-1 {C=O). 
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0H (90 MHz, CDC13 ), 7.60-7.00 (8H, m, aromatic), 6.75 (lH, s, C-2H), 
6.31 (2H, s, rn;rn), and 4.51 (4H, s, 2xai2 J. 
m/z, 403.0251 (M~ 4.2%, c 20H15N3o2cl2 requires 403.0254), 401.0346 
+ 35 37 . 4 ( + (M. 15.5%, c 20H15N2o2 Cl Cl requues 401.03 9), 399.0231 M· 
% 35 . 9 35 25.1 , ezoH15N30z c12 reqw_res 39 .0235), 153 (100% C10i2c 6H4CX>). 
PARI' [B] SCM: OIEMISTRY OF IMIZADOLE REISSERT a:MP00NDS 
a) Intentolecular Alkylaticn 
General Procedure for the preparation of 2-alkylated imidazole 
Reissert cx:mpounds 
To a three-necked round bottomed flask was added a freshly distilled 
solution of anhydrous diisopropylamine and n-butyllithium (15%) in 
hexane which was delivered through a septum cap attached to one side 
arm. Also attached was a N2 inlet tube for the delivery of dry 
nitrogen gas and a pressure equalizing funnel containing the 
Reissert compound (188) in a solution of freshly distilled anhydrous 
tetrahydrofuran. After 5 minutes at -10°C, the LDA solution formed 
was then cooleci to -78°C and the alkyl halide added, followed by the 
evolution of hydrogen gas. The stirred mixture was then maintained 
at -78°C for a further 1 hour and then at room temper'!ture for an 
additional 24 hours before being poured onto crushed ice-water. 
'Ihe oily residues obtained were extracted with dichloromethane and 
the extracts washed several times with water before drying over 
magnesium sulphate. On evaporation of the solvent, the residues 
were recrystallized from the appropriate solvent to give the 
alkylated imidazole Reissert compounds (191). 
2--Q[arx>-2,3-d:ihydto-1, 3-bis(methoxycartx:nyl )-2-methylimidazole 
(191a) 
Use of 2-cyano-2,3-d:i.hydro-1,3-bis(methoxycarbonyl)imidazole (188a), 
(0.5g, 2.36mmol) in THF (15ml), dry diisopropylamine (2ml, 14mmol), 
n-butyllithium (15%, 6ml, 14mmol) in hexane and methyl iodide (1.3g, 
9.44mmol) in the general procedure above, gave the product (191a) as 
a yellow solid. Recrystallization from ethyl acetate gave the 
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title OOffipound (191a) as oolourless needles (0.24g, 45%), m.p. 101-
1030C. 
Found: c, 48.2; H, 4.9; N, 18.5. CgHllN304 
Requires: C, 48.0; H, 4.9; N, 18.7%. 
vmax (KBr) 1715 (C=O), 1601 cm-1 (C=C) 
oH (90 MHz, CDC13 }, 6.50 (1H, s, C2-H}, 6.42 (2H, br, s, CH=CH), 
3.90 (6H, s, 2xCMe), and 2.20 (3H, s, Me). 
m/z, 225.1003 (Mt 22%, c9H11N3o4 requires 225.1008), 107 (100%, 
C5H5N3 , M~ -ZxmzMe), 92 (28%, c4H2N3 ), 81 (69%, C4H5N2 ). 
2--cyarn--1,3-bis(ethoxycartxnyl)-2,3--d:ihydro--2-rrethylimidazole (191b) 
Use of 2-cyano-1,3-bis(ethoxycarbonyl)-2,3-dihydroimidazole (188b) 
(0.5g, 2.1mmol) in THF (20ml), dry diisopropylamine (2ml, 14mmol), 
n-butyllithium (15%, 6ml, 14mmol} in hexane and methyl iodide (1.2g, 
8.4mmol} in the general procedure (p.198), gave the product (191b) as 
a brown oil. Trituration and recrystallization from ethyl acetate 
yielded the title compound (191b) as colourless needles (0.25g, 
47%), m.p. 97-99°C. 
Found: c, 52.5; H, 6.1; N, 16.4. C11H15N304 
Requires: c, 52.2; H, 6.0; N, 16.6%. 
vmax (KBr), 1717 (C=O), 1600 cm-1 (C=C). 
'\r (90 MHz, CDC13 ), 6.26 (2H, s, CH=CH), 4.32 {4H, q, 2xOCH2CH3 ), 
2.25 (3H, s, Me), and 1.38 (6H, t, ~). 
m/z, 253.1320 {M"!" 8.1%, c11H15N3o4 requires 253.1326), 
227 (16%, C1oH15N2o4 ,M"!" -Ql'), 107 (100%, C5H5N3 , M"!"-ZxmzMe). 
199 
2-Benzyl-2--cyaiD-2,3-di.hydr:o--1, 3-bis(netb:lxycarlxxlyl )imidazole 
(19lc) 
Use of 2-cyano-2,3-dihydro-1,3-bis(met:hoxycarbonyl)imidazole (188a) 
(0.5g, 2.36mmol) in THF (15ml) dry diisopropylamine (2ml, 14mmol), 
n-butyllithium (15%, 6ml, 14mmol) in hexane and benzyl bromide 
(1.7g, 9.94mmol) in the general procedure (p.198) gave the product 
(191c) as a brown oil. Trituration and recrystallization from 
absolute ethanol yielded the title compound (191c) as colourless 
prisms (0.3g, 41%), m.p. 110-112°c. 
Found: C, 60. 0; H, 5. 0; N, 13.7. c15H15N3o4 
Requires: C, 59.8; H, 5.0; N, 13.9%. 
vmax (KBr), 1715 an-1 (C:O). 
oH (90 MHz, CDC13 ), 7.62-7.20 (5H, m, aromatic) 6.68 (2H, s, CH=CH), 
4.10 (2H, s, rn2), and 3.72 (6H, s, 2x0Me). 
m/z, 301.0561 (M; 9.2%, c15H15N3o4 requires 301.0568), 
275 (20%, c14H15N2o4 , M:-rn), 91 (100%, rn~h). 
1,3-Dibenzoyl-2--cyaiD-2--€thyl-2,3-dihydroimidazole (191dJ 
Use of 1,3-dibenzoyl-2-cyano-2,3-dihydroimidazole (188c) (0.6g, 
1.98mmol) in THF (20ml) dry diisopropylamine (2ml, 14mmol), n-
butyllithium (15%, 6ml, 14mmol) in hexane and ethyl iodide (1.2g, 
7.9mmol) in the general procedure (p.198), gave the title compound 
(191d) as colourless needles after recrystallization from absolute 
ethanol (0.27g, 41%), m.p. 105-107°c. 
Found: C, 72.8; H, 5.0; N, 12.5. Czoff17N30z 
Requires: C, 72.5; H, 5.2; N, 12.7%. 
vmax (KBr), 1662 an-l (C=O). 
6 H (90 MHz, CDC13 ), 8.35-7.45 {lOH, m, aromatic), 6.52 (2H, s, 
rn=rn), z.ao (2H, q, rn2 ), and o.81 (3H, t, Me). 
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b) Retro-Reissert Pl:ocedures: a rart:e to 2-alkylimidazoles 
1. Hydrolysis uOOe:r basic cx:oditioos 
General Procedure 
The alkylated Reissert compound (191), ethanol (10ml) and aqueous 
potassium hydroxide (15%, lOml) were stirred at room temperature for 
9 hours before being diluted with an equivalent volume of water. 
The excess ethanol was evaporated under reduced pressure and the 
aqueous solution brought to pH7 with dilute hydrochl=ic acid. The 
neutralised solution was extracted with dichloromethane (3xl5ml) and 
the organic extracts washed with water before drying over anhydrous 
magnesium sulphate. Evaporation of the solvent gave the residue 
(192), which on solidification by trituration was recrystallized by 
the appropriate sol vent. 
Formation of 2-methylimidazole (192a) 
Use of 2-cyano-1,3-bis(ethoxycarbonyl)-2,3-dihydro-2-methylimidazole 
(191b) (0.4g, l.6mmol), ethanol (lOml) and aqueous potassium 
hydroxide (15%, 10m1) in the general procedure above, yielded 2-
methylimidazole (192a) (0.06g, 44%), m.p. 141-143°c (lit., 184 142-
1430C). The i.r. and p.m.r. spectra were identical to those of a 
comme=ial sample (Aldrich 01emica1 Company), of 2-methylimidazole. 
H (60 MHz, aJCl3), 6.92 (2H, s, OI=OI) and 2.50 (2H, s, Me). 
Formation of 2-ethylimidazole (192b) 
Use of 1,3-dibenzoy1-2-cyano-2-ethy1-2,3-dihydrimidazo1e (191d) 
(0.5g, 1.5mmol), ethanol (15m1) and aqueous potassium hydroxide 
(15%, .. 10ml) in the general procedure above, yielded the product 
(192b) as a pale brown oil. Trituration and recrystallization from 
toluene-hexane gave 2-ethylimidazole (192b) as pale yellow rhombs 
(0.06g, 43%), m.p. 79-81°C (lit., 52,l83 81-82°C). 
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0H (60 MHz, CDC13 ), 6.92 (2H, s, CH=CH), 3.15 (2H, q, CH2 ), and 1.02 
(3H, t, Me). 
Fonnation of 2-t?enzylimidazole ( 192c) 
Use of 2-benzyl-2-cyano-2,3-di.hydro-1,3-bis( methoxycarbonyl )imida-
zole (191c) (0.5g, 1.7mmo1), ethanol (20ml) and aqueous potassium 
hydroxide (15%, 5ml) in the general procedure (p;2o1t yielded the 
product (192c) as a brown oil. Attempted trituration and 
recrystallization from toluene-hexane failed to give 2-
benzylimidazole (192c) as a solid compound. Column ci=motography 
using flash silica (Merck silica 60, 230-400 mesh) and a 30:70 
mixture of ethyl acetate and petroleum ether (b.p. 60-80°C) yielded 
a pale yellow oil, which could not be crystallized, (crude yield= 
35%, b.p. 65-68°C, 10 mmHg). 
0H (60 MHz, CDC13 ), 7.55 (5H, s, aromatic), 6.85 (2H, s, CH=CH), and 
4.32 (2H, s, CH2 ). 
m/z, 158.0563 (M~ 39%, c1oH1QN2 requires 158.0568), 77 (100% c6H5 ). 
2. Under acidic a:ndi:tiCDS 
Fonnation of imidazole ( 61) 
A mixture of the Reissert compound, 2-cyano-2,3-dihydro-1,3-bis 
(methoxycarbonyl)imidazole (188a) (0.57g, 2.7mmol) and benzoic acid 
(0.66g, 5.4mmol) was heated at an oil bath temperature of 130-140°c 
for 4 hours. The reaction mass was cooled, dissolved in chloroform 
(30ml), and washed with sodium hydroxide (20%, 50ml). The chloroform 
layer was extracted with hydrochloric acid (50%, 50m1) and the acid 
layer was subsequently brought up to pH7 with sodium hydroxide 
solutiop. 'Ihe neutralized solution was extracted with chloroform 
(2x50ml) and dried over anhydrous magnesium sulphate. Concentration 
of the solvent yielded imidazole (61) (0.1lg, 52%), m.p. 88-90°C 
(lit., 184 89-91°C). The i.r. and p.m.r. spectra were identical to 
those of a commercial· sample (Aldrich Chemical Company) of 
imidazole. 
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Fonnation of 2-methylimidazole (192a) -·, 
Use of 2-cyano-1,3-bis(ethaxycarbonyl)-2,3-dihydro-2-methylimidazole 
(19lb) (0.68g, 2.7mmol) and benzoic acid (0.66g, 5.4mmol) in the 
above procedure, gave 2-methylimidazole (192a) (O.llg, 51%), m.p. 
140-142°C. The i.r. and p.m.r. spectra were identical to those of a 
commercial sample (Aldrich Chemical Company) of 2-methylimidazole. 
c) Intramolecular Oyclisati.cn Processes: formation of the .:f.Jnida= 
[1,2-,!!]pyrid:ine ~ system and formation o£ an imidazo[1,2-_!!] 
isoquim1ine ~ system 
1-(4-Qllarobrtanoy1)-1,5,6,7,8,8a-hexahydro-5-axoimidazo[1,2-a]pyri-
dine-8a-cartx:.mtrile (193) 
1,3-Bis-(4-chlorobutanoyl)-2-cyano-2,3-dihydroimidazo1e (188d) 
(O.Bg, 3mmol) in dry tetrahydrofuran (20ml) was added dropwise to a 
stirred solution of dry diisopropylamine (1.3m1, 9.3mmol) and n-
butyllithium (15%, 4ml, 9.3mmol) in tetrahydrofuran (5m1) at -78°c, 
under an atmosphere of nitrogen. The reaction was stirred for 4 
hours at 0°C and then at room temperature overnight before pouring 
onto crushed ice (ea. 40g). A pale yellow precipitate was obtained 
which was filtered and dried. Recrystallization from ethyl acetate 
gave the title compound (193) as pale yellow rhombs (0.22g, 31%), 
m.p. 124-127°C. 
Found: c, 54.0; H, 5.1; N, 15.5. c12H14N302Cl. 
Requires: c, 53.9; H, 5.3; N, 15.7%. 
"max ( I<Br)' 2230 (C~), 1678 (C=O), 1670 cm-l (C=O). 
'1J: (90 MHz, CDC13 ), _6.75 and 6.62 (2H, 2xd, CH=CH), 3.75 (2H, t, 
CHz-Cl), 2.95 (2H, t, CH2-CO), 2.80-2.46 (6H, m, 3xCHz),and 2.35 
(2H, m, CHzl· 
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m/z, 269.0261 (M"!" 16%, c 12H14N3o237c1 requires 269.0268), 240 (17%, 
M:'"-HCN), 267.0257 (M+ 39%, c 12H14N3ol5c1 requires 267.0262), 
198 ( 100%, M~ -rn2-c,O). 
Amax (EtOH), 236 (log£ 4.69), 246 (4.68), and 372 run (4.04). 
1-(2-<lllaranethylbenzoyl)imidazo[1,2-!?_]isoquinolin-5(1H)-cne (196) 
1,3-Bis-::(2-ch1oromethylbenzoy1)-2-cyano-2,3-dihydroimidazole (188e) 
( 0. 9g, 2.48mmo1) in fuy tetrahydrofuran ( 15ml) was added dropwise to 
a stirred solution of fuy diisopropylamine (1.3ml, 9.3mmo1) and n-
butyllithium (15%, 4m1, 9.3mmol) in tetrahydrofuran (lOml) at -78°C, 
under ·a nitrogen atmosphere. 'Ihe reaction was stirred for 4 hours 
at 0°C and then at room temperature overnight, still under an 
atmosphere of nitrogen. A yellow oil T!las obtained on pouring the 
reaction mixture on to crushed ice (ea. 40g). Trituration and 
recrystallization from ethyl acetate gave the title mmpc?Und (196) 
as yellow needles (0.27g, 33%), m.p. 130-132°C. 
FO\.md: C, 68.1; H, 3.9; N, 8.6. c19H13NzOzCl. 
Requires: C, 67.9; H, 3.9; N, 8.3%. 
Vmax (l<Br), 1665 (C=O), 1660 =-1 (C'=O). 
oH (90 MHz, CDC13 ), 8.10 (lH, br, d, C6-H), 7.62-7.02 (7H, m, 
aromatic), 6.94 (lH, s, ClO-H), 6.36 and 6.35 (2H, 2xd, CH'=CH), 4.32 
(2H, s, rn2 ). 
m/z, 338.0218 (M"!" 18%, c 19H13N2o237cl requires 338.0220), 
336.0172 (M; 48%, c1gH13N2o235c1 requires 336.0177), 183 (100%, 
+ M; -GlCE2C6H4CO). 
0max (EtOH), 241 (log 4.76), 284 (4.62), 378 (4.40), 403 (4.24). 
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1-(2-<lllomoothylbenzoy'l)-1,5,10,10a-tet:rahydro-5-oxo--imidazo[1,2-~] 
isoquinolin-10a-cartxxrl:tri.le ( 195) 
Repeat of the above procedure used to prepare compound (196) using 
1,3-bis-(2-chloromethy1benzoyl)-2-cyano-2,3-dihydroimidazo1e (188e) 
(0.9g, 2.48mmol), dry diisopropylamine (1.3ml, 9.3mmol) and n-butyl-
lithiurn (15%, 4ml, 9.3mmol) in dry tetrahydrofuran (20ml), under an 
atmosphere of nitrogen and stirring for 2 hours at 0°C and then at 
room temperature for 6 hours, gave on work-up, a yellow oil. 
Trituration and subsequent recrystallization from ethyl acetate gave 
the title compound (195) as pale yellow rhornbs (0.052g) (7%), m.p. 
126-128°C. 
vmax (KBr), 2232 (C=N), 1667 (C:O), 1662 cmll (C=O). 
oH (90 MHz, CDC13 ), 8.12 (lH, br, d, C6-H), 7.65-7.08 (7H, m, 
aromatic), 6.89 (2H, q, CH2 ), 6.50 and 6.31 (2H, 2xd, CH=CH), 4.31 
(2H, s, CH2-Cl). 
m/z, 365.0318 (M! 34%, CzOH14N3o237cl raFJires 365.0321), 
363.0176 (M; 11%, c 20H14N;302 35c1 requires 363.0179 ), 210 
(100%, M~-Clrn2c6H400). 
d) 1,2-Rearrangement reactials: routes to imida=le-2-cartx:ll<ylic 
acid and an imida=lyl ketco3 
1, 2-Bis( ethaxycarl:xnyl )imidazole (200a) 
To a three-necked round bottomed flask was added a freshly distilled 
solution of dry diisopropylamine (l.ml, 7.5mmol and n-butyl-lithiurn 
(15%, 3.2ml, 7.5mmol) in hexane at -10°C using an acetone-ice 
cooling system. After stirring for 5 minutes the LDA solution 
forme_d was treated with the Reissert compound, 2-cyano-1,3-bis 
(ethoxycarbonyl) imidazole (188, R=EtO) (0.6g, 2.5mmol) in dry 
tetrahydrofuran (15ml) under an atmosphere of nitrogen and the anion 
formed was indicated by the appearance of a deep-brown colour. 'l'he 
reaction mixture was then allowed to stir at room temperature for 9 
hours before pouring on to ice-water (ea. 40g). The organic 
material was extracted with dichloromethane (3 x 20ml) and the 
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extracts were washed with water before drying over anhydrous 
magnesium sulphate. Evaporation of the solvent under reduced 
pressure gave a brown residue, which was purified by 
recrystallization from ethyl acetate to give the title compound 
(200a) as colourless needles (0.22g, 41%), m.p. 104-106°c. 
"max (I<Br), 1722 (C=O), 1712 cm-1 (C=O). 
0H (90 MHz, CDC13 ), 6.70 and 6.57 (2H, 2xd, CH=CH), 4.42 (2H, q, 
CH2 ), 4.22 (2H, q, CH2), 1.60 (3H, t, Me), and 1.40 (3H, t, Me). 
m/z, 212.1096 (M"!" 32%, c9H12N2o4 requires 212.1106), 67 (100%, 
C:3H3N2) • 
1,2-Dibenzoyllmida=l.e (200b) 
To a three-necked round bottomed flask was added dry 
diisopropylamine (1ml, 7mmol) and n-butyllithium (15%, 3ml, 7mmol) 
in hexane at -10°C._,After 5 minutes the Reissert compound, 1,3-
dibenzoyl-2-cyano-2,3-dihydroimidazole (188, R=Ph) (0.6g, 1.98mmol) 
in dry tetrahydrofuran (15ml) was added to the stirred solution, 
which was gradually allowed to warm to r=m temperature. Sti=ing 
was continued for a further 9 hours, after which, the reaction 
mixture was poured on to crushed ice water (ea. 35g). The brown oil 
resulting was extracted using dichloromethane (3xl5ml), washed wih 
water and dried aver magnesium sulphate. Evaporation of the solvent 
gave a brown gum which was triturated and subsequently recry-
stallized from ethanol to give the title compound (200b) as 
colourless rlx:>mbs (0.27g, 49%), m.p. 199-201°C. 
Found: 
Requires: C, 73.9; H, 4.4; N, 10.1%. 
"max (KBr), 1675 (C=O), 1665 cm-1 (C=O). 
oH (90 MHz, CDC13 ), 8.45-7.15 (10H, m, aromatic), 6.80 and 6.65 (2H, 
2xd, CH=CH). 
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m/z, 276.0526 (M; 21%, c17H12N2o2 requires 276.0530), 105 (100%, 
c6H5CO). 
Focnat:icn of imidazole-2--cartJoxylic aCid (201) 
Frcrn caupound (200a) 
A mixture of 1, 2-bis( ethoxycarbony1 )imidazole (200a) (0.5g, 
2.36mmol, ethanol (15ml) and aqueous potassium hydroxide (20%, 15ml) 
was refluxed for 4 hours. The reaction mixture was cooled and 
diluted with water (15ml). The ethanol was evaporated under reduced 
pressure, and the aqueous solution brought to pH7 with dilute 
hydrochloric acid. The neutralized solution was extracted with 
dichl01:omethane (2x20ml) and the extracts were washed with water, 
dried over magnesium sulphate and filtered. Evaporation of the 
solvent gave the imidazole-2-carboxylic acid (201), as colurless 
needles after recrystallization f=m absolute ethanol (O.llg, 41%), 
m.p.158-161°C (lit., 197 163-164°C). 
vmax (KBr), 3200-2850 (0-H), 1720 crn-1 (C~). 
0H (60 MHz, a:>cl3 ), 11.35 (2H, s, t-J!:!, COz!!l and 7.25 (2H, s, CH=CH). 
e) Dithioester Fonnat:icn 
1,3-Dibenzoyl-2-cyano-2,3-dihydro-2"""i!Bthylthiothiocarb::olimidazole 
(207a) 
To a three-necked round bottomed flask was added dry diisopropyl-
amine (lml, 7mmol) and n-butyllithium (3ml, 7mmol) in tetrahydxo-
furan (5ml). The solution was cooled to -78°c using solid carbon 
dioxide and acetone and the Reissert compound, 1,3-dibenzoyl-2-
cyano-2,3-d:i.hydroimidazole (188c) (0.5g, 1.7mmol) in dry tetrahydxo-
furan (15ml) was added followed by carbon disulphide (0.52g, 
6.8mmol. Methyl iodide (0.48g, 3.4mmol) was then added after 5 
minutes and the reaction mixture was stirred for 4 hours at 0°c. 
The deep brown colour of the Reissert anion was seen to discharge 
leaving a yellow solution. This was then poured onto crushed ice-
' 
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water with stirring. The mixture was extracted with dichloromethane 
(3 x 15ml), washed with water and dried over magnesium sulphate. 
Evaporation of the solvent resulted in a yellow solid which was 
recrystallized from ethanol to give the title compound (207a) as 
yellow needles (0.25g, 39%), m.p. 145-148°C. 
Found: C, 61.3; H, 3.6; N, 10.5. CzoHtsN:30zS2 
Requires: C, 61.1; H, 3.8; N, 10.7% 
~ (KBr), 1662 cm-l (C=O). 
oH (90 MHz, CDC13 ) 8.15-7.41 (lOH, m, aromatic), 6.82 (2H, s, 
CH=CH), and 2.55 (3H, s, S-Me) 
m/z, 393.0962 (M~ 12%, CzoH15N3o2s 2 requires 393.0971), 346 (31%, 
M"t-s Me), 276 (28%, M+ -OJ,CS2Me), 105 (100%, C6H5CXl). 
1,3-Dibenzoyl-2--cyarx>-2,3-diliydro-2-ethylthiothiocartxxlylimidazole 
(207b) 
·The Reissert =mpound (188c) (0.5g, 1.7mmol) in dry tetrahydrofuran 
(15m1) was added dropwise to a well stirred solution of 
diisopropylamine (1ml, 7mmol) and n-butyllithium (15%, 3ml, 7mmol) 
in tetrahydrofuran (Sml) under an atmosphere of nitrogen. The 
mixture was maintained at -78°C and carbon disulphide (0.52g, 
6.8mmo1) was quickly added. After stirring for 5 minutes, ethyl 
iodide (0.53g, 3.4mmol) was then added to the reaction mixture, 
which was stirred at 0°C for a further 4 hours. Work-up of the 
reaction mass, as in the above procedure for the preparation of 
(207a), gave a yellow gum. Attempted trituration and column 
chromatography using Kieselgel 60 flash silica and a 30:70 ethyl 
acetate:petroleum ether (b p. 60-80°C) as eluent gave the title 
=mpounci (207b) as an impure oil (O.l8g, 27%), b.p. 92-95°C/5 mmHg. 
vmax (Nujol), 1670 cm-1 (C=O). 
oH (90 MHz, CDC13 ), 8.32-7.41 (10H, m, aromatic), 6.80 (2H, s, 
CH=CH), 3.20 (2H, q, CH2 ) and 1.30 (3H, t, Me). 
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rnAPl'ER 3 
Fmel'ICW\LISATICN l\ND MDIFICATICN OF 
2-PHENiL-1,3,4-<lXADIAZOLES l\ND 2-PHENiL-1,3,4-'IHIADIAZOLES 
BY THE REISSERI' APPR!ll\01 
PARI' [A]: REISSERT CXlMPaJNl) FORMATICN S'lliDIES Wl'IH 2-PHENYL-1,3,4-
0XADIAZOLE 
a) 1. Benzoic acid hydrazide ( 208) 
To a 2-necked round bottomed flask was added hydrazine hydrate (lOg, 
0.2 mole) and ethyl benzoate (lOg, 0.07 mole). The mixture was 
heated to reflux for 35 minutes before adding sufficient ethanol to 
produce a clear solution. The solution was then refluxed for a 
further 3 hours. The ethanol produced from the reaction was removed 
by distillation and the precipitate formed in the reaction flask 
after cooling was filtered and recrystallized from ethanol to give 
benzoic acid-hydrazide (208) as colourless needles, (9.1g, 89%), 
"1' 11.2°C '' · t 202 '12°n) m. p. ..L...L - \ ..l..~ • ' J.. ~.,.. • 
a) 2. 2-Phenyl-1,3,4-oxadiazole (209) 
Benzoic acid hydrazide (5g, 37 mmol) was heated with triethyl ortho-
formate (37.5 ml) to boiling. Ethanol was evolved, and heating was 
continued overrright under mild reflux. The excess orthoester was 
then removed by evaporation under reduced pressure and the residue 
was distilled under vacuum (b.p. 110-112°C at 0.1 mmHg) to give 2-
phenyl-1,3,4-oxadiazole (209) as colourless plates in 68% yield, 
m.p. 33-35°C (lit., 203a 34-35°C). 
vmax (KBr), 1610 (C=N), 1030 and 960 cm-1. 
oH (90 MHz, CDCl3), 8.45 (lH, s, C-5H), and 8.05-7.00 (5H, m, 
aranatic). 
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m/z, 146.0131 (M! 21%, CaH6N20 requires 146.0131), 77 (100%, C6H5). 
b) Attempted Preparaticn of Reissert O:xnp:lunds from 2-Phenyl.-1,3,4-
oxadiazol.e 
1. Under tw:>-Iilase oc:nditicrul 
To a sti=ed solution of potassium cyanide (0.28g, 3.4mmol) 
dissolved in water (5ml.) and benzyltrimethylammonium chloride 
(0.06g, 0.34mmol) was added 2-phenyl-1,3,4-oxadiazole (0.5, 
3.42mmol) in dichloromethane (15ml.). This was followed by the 
addition of benzoyl. chloride (0.96g, 6.84mmol) over a period of 15 
minutes. The reaction mixture was then allowed to stir for a further 
15 hours at room temperature before being dil.uted with water and 
extracted with dichloromethane (3 x 15ml). The combined organic 
extracts were washed with 5% hydrochloric acid, water, 5% sodium 
hydroxide and water before drying over anhydrous magnesium sul.phate. 
Evaporation of the solvent under reduced pressure gave recovered 2-
phenyl-1,3,4-oxadiazole (209) as colourless rhombs in 79% yiel.d, 
m.p. 33-35°C (lit., 203a 34-35°C). 
2. Under single zx:n-aquecus phase ornditions 
General procedure 
To a well sti=ed solution of 2-phenyl-1,3,4-oxadiazol.e (1 mole 
equivalent) in dry dichloromethane (20ml) and trimethylsilyl cyanide 
was added anhydrous aluminium chloride (0.05g). The acid chloride 
(2 mole equivalent) in dry dichloromethane (lOml) was added dropwise 
over 15 minutes and the reaction mixture stirred at room temperature 
for 48 hours. The reaction mass was washed with water, 5% 
hydrochloride acid, water, 5% sodium hydroxide and water. The 
dichloromethane layer was dried over anhydrous magnesium sulphate 
and filtered. The filtrate was evaporated under reduced pressure but 
gave only recovered starting material. 
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2.1 With methyl chloroformate 
Use of the oxadiazole (209) (0.5g, 3.42mmol), trimethylsilyl cyanide 
(0.87ml, 7mmol), anhydrous aluminium chloride (0.05g) and methyl 
chloroformate (0.64g, 6.84mmol), in the general procedure (p.210), 
yielded a pale yellow soft solid which hardened on cooling. T.l.c. 
analysis [using an ethyl acetate:petroleum ether (b.p. 60-80°C) 
40:60 mixture] and spectral analyses (i.r. and p.m.r) identified the 
pure solid as being recovered starting material (209) (89%), m.p. 
32-34°c. 
2.2 With ethyl chloroformate 
Use of the oxadiazole (209) (0.5g, 3.42mmol), trimethylsilyl cyanide 
(0.87ml, 7mmol), anhydrous aluminium chloride (0.05g) and ethyl 
chloroformate (0.74g, 6.84mmol), in the general procedure (p.210) 
gave the starting material ( 86%) as a yellow solid. 
2.3 With benzoyl chloride 
Use of the oxadiazole (209) (0.5g, 3.42mmol), trimethylsilyl cyanide 
(0.87ml, 7mmol), anhydrous aluminium chloride (0.05g) and benzoyl 
chloride (0.96g, 6.84mmol), in the general procedure (p.210), gave 
re=vered starting material in 87% yield, m.p. 32-34°C. 
PART [B]: RElSSERT a:MPCXJND FORMATICN S'IUDIES WITH 2-l'HENYL-1,3,4-
'IHIADIAZOLE 
a) Phenyl-1,3,4-thiadiazole (210) 
A mixture of 2-phenyl-1,3,4-oxadiazole (209) (1.45g, lOmmol) and 
sublimed phosphorus pentasulphide (2.22g, lOmmol) in dry and 
distilled xylene (lOml) was heated overnight under reflux. Water was 
then added cautiously to the reaction mixture and the aqueous layer 
was extracted from ether (2 x 30ml). The combined organic layers 
were treated with 2M sodium hydroxide (3 x 30ml). After cooling, 
the basic extract was acidified with dilute l:lydl:=hloric acid and 
the resulting precipitate was fil tared and dried. The precipitate 
was recrystallized from absolute ethanol to give 2-phenyl-1,3,4-
thiadiazole-5-thione (213) in 25% yield, m.p. 21sDc (lit, 204a 215-
2160C). 
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The organic extracts which had been treated with base were then 
dried over anhydrous magnesium sulphate and then ooncentrated under 
reduced pressure to give a yellow oil which was purified by vacuum 
distillation (b.p. 115-118°c at O.lmmHg) to give 2-phenylthiadiazole 
(210) as yellow plates (0.63g; 39%), m.p. 41-43°C (lit.,204a 42°C). 
vmax (KBr), 1460 (C=N), 1415 cm-l (-N=C-S-). 
'k (90 MHz, CDC13 ), 8.95 (lH, s, C-5H), and 8.01-7.32 (5H, m, 
aromatic). 
b) Fonnation of Reissert Compcxmds from 2-Phenyl-1,3,4-thiadia.zole 
General Procedure 
To a well stirred solution of 2-phenyl-1,3,4-thiadiazole (210) 
(6.16mmol) in dl:y dichloromethane (25ml) and trimethylsilyl cyanide 
was added anhydrous aluminium chloride (O.lg). The acid chloride 
(9.2mmol) in dl:y dichloromethane (15ml) was added dropwise over 15 
minutes and the reaction mixture stirred at :room temperature for 48 
hours. The reaction mass was washed with water, 5% hydrochloric 
acid, water, 5% sodium hydroxide and water. The dich~oromethane 
layer was dried over anhydrous magnesium sulphate and filtered. The 
filtrate was evaporated under reduced pressure and the crude product 
was purified by recrystallization from the appropriate solvent. 
5-<::yarx>--4,5-dihydro-4-metlloxycartx.nyl-2-~1-1,3,4-thiadia.zole 
(214a) 
Use of 2-phenyl-1,3,4-thiadiazole (l.Og, 6.16mmol), trimethylsilyl 
cyanide (8.7ml, 7mmol), anhydrous aluminium chloride (O.lg) and 
methyl chloroformate (0.86g, 9.2mmol) in the general procedure 
above, gave the crude product (214a) as a yellow oil. Trituration 
and recrystallization from absolute ethanol yielded the title 
compound (214a) as pale yellow rhombs (l.lg, 72%),m.p. lll-113°C. 
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Found: 
Requires: 
C, 53.4; H, 3.6; N, 17.0. c11HgN302S 
C, 53.4; H, 3.7; N, 17.0%. 
vmax (KBr), 1715 cm-1 (C=O). 
'\i (90 MHz, CDC13 ), 7.75-7.25 (5H, m, aromatic), 6.40 (lH, s, C5-H), 
and 3.95 (3H, s, OMe). 
m/z, 247.0131 (M"'; 33%, C11HgN302S requires 247.0135), 188 (57%, M;-
~), 162 (100%, CaH6N2s, M"!"-0<, ~). 
5-cyarn-4-etl:xlxycarbcoy1-4,5-d:ibydro-2-{ilenyl-1,3,4-tlliadiazole 
(214b) 
Use of 2-phenyl-1,3,4-thiadiazole (l.Og, 6.16mmol), trimethylsilyl 
cyanide (8.7ml, 7mmo1), anhydrous aluminium chloride (0.1g), and 
ethyl chloroformate (l.Og, 9.2mmol) in the generai procedure 
(p.212), gave the title compound (214b) as pale yellow rhombs 
(1.27g, 79%), m.p. 97-99°c. 
Found: C, 55.3; H, 4.2; N, 16.2. c12H11N30zS. 
Requires: C, 55.2; H, 4.2; N, 16.1%. 
vmax (I<Br), 1712 cm-1 (C=O). 
0H (90 MHz, CDC13 ), 7.70-7.00 (5H, m, aromatic), 6.39 (lH, s, C5-H), 
4.35 (2H, q, CH2 ), and 1.40 (3H, t, Me). 
m/z, 261.0112 (M"': 17%, c12H11N3o2s requires 261.0118), 162 (100%, 
CaH6N2S, M"!"-rn, ~E:t). 
5-cyano-4,5-d:ibydro--4-(~1)-2-pbenyl-1,3,4-thiadiaznle 
214c) 
Use of 2-phenyl-1,3,4-thiadiazaole (l.Og, 6.16mmol), trimethylsilyl 
cyanide (8.7ml, 7mmo1), anhydrous aluminium chloride (0.1g), and 4-
methoxybenzoy1 chloride (1.5g, 9.2mmo1), in the general procedure 
(p.212), gave the title compound (214c) as yellow needles (1.62g, 
81%), m.p. 167-169°C. 
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Found: 
Requires: C, 63.2; H, 4.1; N, 13.0%. 
"max (I<Br), 1665 an-1 (C=O). 
5H {90 MHz, CDC13 ), 7.79-7.15 (9H, m, aromatic), 6.45 (1H, s, CS-H), 
and 3.92 (3H, s, CMe). 
m/z, 323.0613 (M~ 21%, c 17H13N3o2 s requires 323.0617), 135 (100%, 
Me0-C6H4CX)) • 
4-(4-Qllorobut:an:)l)-5-cyarx>-4,5-d:ihydl:o-2-pbi:nyl-1,3,4-thiadiazole 
(214d) 
Use of 2-phenyl-1,3,4-thiadiazole (l.Og, 6.16mmol), trimethylsilyl 
cynanide (8.7ml, 7mmo1), anhydrous aluminii.uu chloride (0.1g), and 4-. 
chlorobutanoyl chloride {1.3g, 9.3mmol), in the general procedure 
{p.212), gave the crude product (214d) as a pale yellow solid. 
Recrystallization from absolute ethanol gave the ti tie 
compound (214d) as. yellow rmmbs (1.50g, 83%), m.p. 110-112°C. 
Found: 
' Requires: 
C, 53.5; H, 4.0; N, 14.3. c13H12N30CIS. 
C, 53.3; H, 4.1; N, 14.3%. 
"max (I<Br), 1675 an-1 (C--Q). 
oH (90MHz, CDCI3 ), 7.72-7.00 (5H, m, aromatic), 6.65: (1H, s, CS-H), 
3.65 (2H, t, rn2ci), 2.92 (2H, t, rn2-CXJ), and 2.20 (2H, m, rn2 ). 
m/z, 295.0168 (M~ 6%, c13H12N3o37ciS requires 295.0174), 293.0246 
{M~ 18%, c 13H12N3o 35c1S requires 293.0252), 105 (100%, 
35cr(rn2)3cn). 
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4-(2-<lllomnethylbenzoyl)-5-cyaoc>-4,5--uihydro-2-IDen_yl-1,3,4-thia-
diaw1e (214e) 
Use of 2-pheny1-1,3,4-thiadiazole (l.Og, 6.16mmol), trimethylsily1 
cyanide (8.7ml,' 7mmol), anhydrous aluminium chloride (O.lg), and 2-
chloromethylbenzoyl chloride (1.7g, 9.2mmol), in the general 
procedure (p.212), gave the title compound. (214e) as yellow needles 
(1.77g, 84%), m.p. 130-132°C. 
Found: c, 59.7; 
59.9; Requires: C, 
H, 3.6; N, 12.0. c17H12N30C1S. 
H, 3.6; N, 12.3%. 
"max (KBr), 1660 cm-1 (C--Q). 
c5 . 
H (90 MHz, CDC13 ), 7.51-6.95 (9H, m, aromatic), 6.68 (1H, s, CS-H), 
and 4.65 (2H, s, CH2 ). 
m/z, 343.0251 (M"!" 8%, C17H12N3o37clS requires 343.0254), 
341.0231 (M"': 24't, c 17H12N3o35cls requires 341.0234),153 (100%, 
35 ClCH2-c6H4ro). , 
PARI' [C]: SOME OIEMISTRY OF 2-PHENYL-1,3,4-THIADIAZOLE REISSERT 
a:MPCllNDS 
a) Intemnlecular Alkylati.cn 
5-Cyano-5-ethyl-4,5-dihyd!:o-4--m:Jthoxycarbc:J:Jyl-2-IDen_yl-1,3,4-thia-
diazole (216a) 
Sodium hydride (O.lg of 80% oil dispersion, to provide O.OBg, 
3.3mmol of NaH) was washed free of oil by stirring the slurry with 
dry petroleum ether (b.p. 40-60°C) in a three-necked round bottomed 
flask, and the solvent removed using a micropipette. 'Ihe flask was 
fitted with a nitrogen inlet, a pressure equalising dropping funnel 
and a N2-exit bubbler. Dimethylformamide (5ml) was added and the 
resultant slurry cooled to 0°C in an ice bath. A solution of 5-
cyano-4,5-dihydro-4-methoxycarbonyl-2-phenyl-1,3,4-thiadiazole 
(214a) (0.5g, 2.0mmol) in dry dimethylformamide (15ml) was then 
added to a stirred mixture containing sodium hydride and ethyl 
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iodide (1.2g, 8mmol) over a period of 10 minutes. A deep purple 
colour resulted, indicating the generation of the Reissert anion by 
NaH. The reaction mixture was stirred at 0°C for one hour and then 
at room temperature'overnight. After this time, the mixture was 
poured on to ice cold water with sti=ing. The residue obtained was 
extracted with dichloromethane (3 x 15ml) and the organic extracts 
washed with water (3 x 20ml) before dcying over anhydrous magnesium 
sulphate. Evaporation of the solvent gave (216a) as a yellow solid 
which was recrystallized from ethyl acetate to give the 
title compound (216a) as colourless rhombs (0.25g, 44%), m.p. 115-
ll'PC. 
Found: C, 56.8; H, 4.7; N, 15.1. c13H13N30zS. 
Requires: C, 56.7; H, 4.8; N, 15.3%. 
vmax (KBr), 1717 cm-1 (c~o). 
oH (90 MHz, CDC13 ), 7.81-7.30 (5H, m, aromatic), 3.95 (3H, s, OMe), 
2.90 (2H, q, CHz) and 0.91 (3H, t, Me). 
5-CyaiD-4-etlnKyca:dxx:tyl-4,5-di.hydro--5-methyl-2-~1-1,3,4-thia­
diazole (216b} 
To a well stirred mixture of sodium hydride (0.09g, of 80% oil 
dispersion to give 0.072g, 3mmol of NaH), and methyl iodide (l.lg, 
8mmol) in dcy dimethylformamide (lOml) at 0°C under an atmosphere of 
nitrogen, was added 5-cyano-4-etlnxycarbonyl-4,5-dihydro-2-phenyl-
1,3,4-thiadiazole (214b) (0.5g, 1.9mmol) in DMF (lOml) over a period 
of 10 minutes. The reaction mixture was sti=ed at 0°C for one hour 
and then at :r=m temperature overnight. Work-up of the mixture as in 
the procedure above (p.216) gave the product (216b) as a yellow 
oil. Trituration with ethanol and subsequent =rystallization of 
the solid from ethyl acetate gave the title compound. (216b) as pale 
yellow needles (0.25g, 47%), m.p. 103-lOsOC. 
Found: 
Requires: C, 56. 7; H, 4. 7; N, 15.3%. 
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vmax (I<Br), 1715 an-1 (C=O). 
0H (90 MHz, CDC13 ), 7.75-7.10 (5H, m, aromatic), 4.36 (2H, q, CH2 ), 
2.30 (3H, s, Me) and 1.42 (3H, t, Me). 
5--cyano-4,5-dihydro-4-(4-matroxybenzoyl.}-5-mathyl.-2-);ilenyl.-(l.,3,4-
th:iadiazol.e ( 216c} 
To a well stirred mixture of sodium hydride (0.09g, of 80% oil 
dispersion to give 0.072g, 3mmol of NaH) and methyl iodide (l.lg, 
Bmmol} in dry dimethylformamide (lOml) at 0°C under at atmosphere of 
nitrogen, was added 5-cyano-4,5-dihydro-4-(4-methoxybenzoyl}-2-
phenyl-1,3,4-th:iadiazole (214c) (0.6g, l.Bmmol) in DMF (lOml) over a 
period of 10 minutes. The reaction mixture was stirred at 0°C for 
one hour and then at room temperature overnight. Work-up of the 
mixture as in the above procedure (p.216) gave the title 
compound (216c) as pale yellow needles after recrystallization from 
an ethyl acetate: ethanol (60:40) solvent mixture (0.27g, 43%), m.p. 
157-159°c. 
vmax (I<Br), 1670 an-1 (C:O). 
0H (90 MHz, CDC13 ), 7.80-7.20 (9H, m, aromatic), 3.95 (3H, s, OMe) 
and 2.20 (3H, s, Me). 
m/z, 337.1364 (M~ 42%, c 18H15N3o2 s requires 337.1372), 135 (100%, 
MeOC6H6m). 
b} Retm-Rei ssert Procedures 
i} Under basic ocxrliticns 
Fonnation of 5-methyl.-2-phenyl-1,3,4-th:iadiazole (217, R':Me) 
A mixture of the Reissert compound 5-cyano-4-ethoxycarbonyl-4,5-
dihydro-5-methyl-2-phenyl-1,3,4-thiadiazole (216b) etharol (l.Oml) 
and aqueous potassium hydroxide (15%, lOml) was heated to reflux for 
4 hours before being cooled and diluted with water (lOml). The 
ethanol was evaporated under reduced pressure and the aqueous 
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solution brought to pH7 with dilute hydrochloric acid. The 
neutralised solution was extracted with dichloromethane (3 x 15ml) 
and the organic extracts washed with water before drying over 
anhydrous magnesium sulphate. Evaporation of the solvent gave the 
residue (R'=Me), which on solidification by trituration was 
recrystallized from ethanol to give 5-methyl-2-phenyl-1,3,4-
thiadiazole (217) (R'=Me) as yellow rhombs (O.l2g, 46%), m.p. 103-
1050C (lit., 206 106-lO~C). 
0H (60 MHz, CDC13 ), 8.00-7.35 (5H, m, aromatic), and 2.55 (3H, s, 
Me). 
Formation of 5-ethyl-2-phenyl-1,3,4-thiadiazole (217, R'=Et) 
Use of 5-cyano-5-ethy1-4,5-dihydro-4-methoxycarbony1-2-phenyl-1,3,4-
thiadiazole (216a) (0.4g, 1.45mmol), ethanol (lOml) and aqueous 
potassium hydroxide (15%, lOml) in the above procedure used for 
(216b) yielded the product (R'=Et), as a yellow gum. Trituration 
and recrystallization from petroleum ether (b.p. 60-80°C) gave 5-
ethyl-2-phenyl-1,3,4-thiadiazole (217, R'=Et) as pale yellow needles 
(0.13g, 47%), m.p. 113-115°C (lit.,204b 115-116°C). 
0 H (60 MHz, CDC13 ), 8.10-7.39 (5H, m, aromatic), 3.10 (2H, q, CH2 ), 
and 1.02 (3H, t, Me). 
ii.) umer acidic cxnlitials 
Formation of 2-phenyl-1,3,4-thiadiazole (210) 
A mixture of the Reissert compound 5-cyano-4,5-dihydro-4-meth-
oxycarbonyl-2-phenyl-1,3,4-thiadiazole (214a) (0.67g, 2.7mmol) and 
benzoic acid (0.66g, 5.4mmol) was heated at an oil bath temperature 
of 13Q-140°c for 4 hours. The reaction mass was cooled, dissolved 
in chloroform (30 ml) and washed with sodium hydroxide (20%, 50ml). 
The chloroform layer was extracted with hydrochloric acid (50%, 
50ml) and the acid layer was subsequently brought to pH7 with sodium 
hydroxide solution. The neutralized solution was extracted with 
chloroform (2 x 50ml) and dried over anhydrous magnesium sulphate. 
Concentration of the solvent yielded 2-phenyl-1,3,4-thiadiazole 
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(210) (0.22, 49%), m.p. 40-42°c (lit., 20 4a 42°C). The i.r. and 
p.m.r. spectra were identical to those of an authentic sample of 
(210) prepared previously (p.213). 
Fonnatian of 5-methyl-2-phenyl-1,3,4-thiadiazole (217, R'=Me) 
Use of 5-cyano-4-ethoxycarbonyl-4,5-dihydro-5-methyl-2-phenyl-1,3,4-
thiadiazole (216b) (0.74g, 2.7mmol) and benzoic acid (0.66g, 
5.4mmol) in the above procedure, gave 5-methyl-2-phenyl-1,3,4-
thiadiazole (R'=Me) as yellow r:hombs (0.24g, 50%), m.p. 102-104°C 
(lit., 206 106-107°C). The i.r. and p.m.r. spectra were identical to 
those of a previously prepared sample of (217, R'=Me) (p. 219). 
c) Intramolecular Cyclisation ·Processes: formation of the 5H-
1,3,4-thiadiazolo[3,2-_!!]pyridine ring system and formation of 
the 1,3,4-thiadiazolo[3,2-b]isoquimline ~ system 
6,7,8,8a-Tetrahydro-5-oooo-2-phenyl-1,3,4-thiadiazolo[3,2-_!!]~ 
8a-cartx:nitrlle (219) 
4-(4-Chlorobutanoyl)-5-cyano-4,5-dihydro-2-phenyl-1,3,4-thiadiazole 
(214d) (1.2g, 4mmol) in dry dimethylformamide (15ml) was added 
dropwise to a sti=ed solution of sodium hydride (0.18g of 80% oil 
dispersion to give 0.14g, 6mmol of NaH) in dry dimethylformamide 
(5ml) at 0°C, under a nitrogen atmosphere. The reaction mixture was 
stirred for 4 hours under these conditions and then at room 
temperature overnight before pouring on to crushed ice (ea. 30g). A 
light yellow precipitate was obtained which was filtered and dried. 
Recrystallization from ethyl acetate gave the title compound (219) 
as yellow needles (0.26g, 25%), m.p. 119-122°C. 
Found: c, 60.9; H, 4.1; N, 16.1. S 3HllN30S 
Requires: C, 60. 7; H, 4.3; N, 16.3%. 
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"max (I<Br), 2230 (C N), 1680 =-1 (C--0). 
oH (90 MHz, CDC13 ), 7.95-7.10 (5H, m, aromatic), and 3.00-2.15 (6H, 
m, aliphatic) • 
m/z, 257.0521 (M:'"35%, c13H11N3os requires 257.0525), 230 [21%, M:-
(HCN)], 188 (100%, M:-CH2=C--Q). 
2-l.'hecy'l-1,3,4-tfljadiarolo[3,2-b]:isoqu:imlin-5--<n:l (232) 
4(2-Chloromethylbenzoyl)-5-cyano-4,5-dihydro-2-phenyl-1,3,4-tniadia-
zole (214e) (1.36g, 4mmol) in dcy dimethylformamide (15ml) was added 
dropwise to a stirred solution of sodium hydride (0.18g of 80% oil 
dispersion to give 0.14g, 6mmol of NaH) in dry DMF (5ml) at 0°C 
under a nitrogen atmosphere. The reaction mixture was stirred for 4 
hours under these conditions and then at room temperature overnight, 
still under a nitrogen atmosphere. A yellow oil resulted on pouring 
on to crushed ice (ea. 30g), which was subjected to t.l.c. analysis 
(using a 40:60 mixture of ethyl acetate:petroleum ether (b.p. 60-
800C) as eluent]. u.v. examination revealed the chromatographed 
product to have two spots present on the t.l.c. plate wii_:h Rf values 
of 0.62 and 0.73. Treatment of the oil with a 1:4 mixture of ethyl 
acetate and hexane resulted in the precipitation of the amorphous 
product (232), which was filtered and dried giving the title 
mrnpound. (232) (0.24g, 21%), rn.p. 131-133°C. 
Found: C, 69,4: H, 3.4; N, 10.0. c16H1QN20S 
Requires: C, 69.1; H, 3.6; N, 10.1%. 
v max (I<Br), 1670 an-1 (C=O). 
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0 H (90 MHz, CDC13 ), 8.00 (lH, br, d), 7.56-7.00 (8H, m), and 6.85 
(lH, s). 
m/z, 278.0568 (M"!" 24%, c16H10N2os requires 278.0572), 77 (100%, 
C6H5 ). 
'-max (EtOH), 240 (loge 3.78), 284 (3.54), 318 (3.38), and 3.75 nm 
(3.18). 
d). ~ent React:i.als: :routes to 2-[llenyl-1,3,4-tll.:iadiarole-
5-carbaxylic acid and to a 1,3,4-tniadiarolyl ke1:cn3 
5-Et:b:lxycarbcnyl-2-[llenyl-1,3,4-thi.adiazole (236) 
5-Cyano-4-ethaxycarbonyl-4,5-dihydro-2-phenyl-1,3,4-tniadiazole 
(214b) (0.78g, 3mmol) in dry dimethylformamide (15ml) was added 
dropwise to a well stirred solution of 80% oil dispersion of sodium 
hydride (0.15g to give 0.12g, Smmol of NaH) in dry DMF (5ml) under a 
nitrogen atmosphere. The yellow mixture was allowed to stir at room 
temperature for 9 hours before pouring on to ice-water (ea. 40g). 
The organic material was extracted with dichloromethane (3 x 20ml) 
and the combined extracts were washed with water before drying over 
anhydrous magnesium sulphate. 
Evaporation of the solvent under reduced pressure gave a dark yellow 
residue which was purified by recrystallization from absolute 
ethanol to give the title compound (236) as pale yellow rhombs 
(0.27g, 39%), m.p. 118-121°C. 
vmax (I<Br), 1725 cm-1 (C=O). 
OH (90 MHz, CDC13 ), 7.75-7.10 (5H, m, aromatic), 4.51 (2H, q, CH2 ), 
and 1.68 (3H, t, Me). 
m/z, 234.0274 (MT 15%, c11H10N2o2s requires 234.0278), 161 (100%, 
c8H5N2S, M-OJ2Et) • 
., . 
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5-(4--Matlx:lx:ybenzoyl)-2-);i1enyl-1,3,4-thiadiazole (237) 
5-Cyano-4,5-dihydro-4-(4-me~l)-2-phenyl-1,3,4-thiadiazole 
(2l4c) (0.6g, l.9mmol) in dry DMF (20ml) was added dropwise to a 
well stirred solution of sodium hydride ( 80% oil dispersion 0.09g to 
give 0.072g, 3mmol of NaH) in dry DMF (5ml), as in the above 
procedure, to give the product as a brown gum. Trituration and 
recrystallization from absolute ethanol gave the 
title =mpound (237) as yellow needles (0.20g, 37%), m.p. 114-116°C. 
Found: C, 65.0; H, 4.1; N, 9.3. Cl6H12N20zS. 
Requires: C, 64.9; H, 4.1; N, 9.5%. 
"max (KBr), 1675 cm-l (C=O). 
oH (90 MHz, CDC13 ), 7.91-7.22 (9H, m, aromatic), and 4.21 (3H, s, 
CMe). 
+ 
m/z, 296.0173 (M. 17%, c16H12N2o2s requires 296.0177), 135 (100%, 
MeOC6H4(l)) • 
2-Phenyl-1, 3, 4-thiadiazole-5--carllaxylic acid ( 238) 
A mixture of 5-ethoxycarbonyl-2-phenyl-1,3,4-thiadiazole (236) 
' . 
(0.49g, 2.lmmol), ethanol (15ml) and aqueous potassium hydroxide 
(15%, 15ml) were refluxed for 6 hours. The reaction mixture was 
cooled and diluted with water (15ml). The ethanol was evaporated 
under reduced pressure, and the aqueous solution brought to pH7 with 
dilute hydrochloric acid. The neutralized solution was extracted 
with dichloromethane (2 x 20ml) and the extracts were washed with 
water, dried over magnesium sulphate and filtered. Evaporation of 
solvent gave the 2-phenyl-1,3,4-thiadiazole-5-carboxylic acid (238) 
(O.lOg, 29%), m.p. 65-67°C (lit.,216 67-68°C). Compound (238) was 
kept in cool storage to prevent possible decarboxylation to 2-
phenyl-1,3,4-thiadiazole. 
m/z, 206.0325 (M:'" 23%, CgH6N2o2s requires 206.0329), 162 (100%, 
C8H6N2S, Mt-COz) • 
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PARr A: SOLID/LicmD PHI\SE TRANSFER CATALYSIS PRCCESSES 
General Procedure 
To a well stirred mixture of the heterocycle, potassium cyanide or 
sodium cyanide {Analar grade), and the phase transfer catalyst TBliB 
(TDA-1) (0.1 mole) in dichloromethane (25 ml) was added the acid 
chloride over a period of 10 minutes. The reaction mixture was 
gently refluxed for 2.5 hours, cooled and the organic layer 
separated, washed with water 5% hydrochloric acid, water, 5% sodium 
hydroxide and water. The organic layer was then dried over 
magnesium SUlphate, filtered and evaporated under reduced pressure 
to give the product. Purification was by recrystallization from the 
appropriate solvent to give the pure Reissert compotmd. 
2-Cyano-2,3~1,3-bi.s-(~l)ber:lz:imi.Oa=le (83a) 
Use of benzimidazole (0.83g, 7mmol), potassium cyanide (0.45g, 
7mmol), tetra-n-butylammonium bromide (TBI\B) (0.23g, 9.7mmol) and 
methyl chloroformate (1.3g, 14mmol) in the general procedure above, 
yielded the crude product (83a) as a pale yellow solid. 
Recrystallization from ethyl acetate gave 2-cyano-2,3-dihydro-1,3-
bis-(methoxycarbonyl)benzimidazole (83a) as colourless needles 
(1.34g, 73%), m.p. 186-188°c (lit., 126 187-188°c). 
Repeating the above experiment using sodium cyanide (7mmol) in place 
of potassium cyanide, gave (83a) in 71% yield. Use of TDA-1 
(0.7mmol) in place of TBAB, with potassium cyanide (7mmol), gave 
(83a) in 61% yield. 
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2--<:!yarx>--1,3-bis-(etlxlxycartx:nyl)-2,3-dihydrobenzimidazole (83b) 
Use of benzimidazole (0.3g, 7mmol) , potassium cyanide (0.45g, 
7mmol), TBAB (0.23g, 0.7 mmol) and ethyl chloroformate (1.5g, 
14mmol), in the general procedure (p.223), gave 2-cyano-1,3-bis-
(ethoxycarbonyl)-2,3-dihydrobenzimidazole (83b) as colourless 
needles (1.78g, 87%), m.p. 117-119°C (lit.,126 117-119°C). 
Repeating the above experiment with sodium cyanide (7mmol) in place 
of potassium cyanide gave (83b) in 86% yield. With TDA-1 (0.7mmol) 
in place of TBAB, with potassium cyanide (7mmol), gave (83b) in 71% 
yield. 
1,3-Bis-(4-chlorobenzoyl)-2--cyan:>--2,3-d.ihydrobenz:ile (83e) 
Use of benzimidazole (0.83g, 7mmol), potassium cyanide (0.45, 
7mmol), TBAB (0.23g, 0.7mmol) and 4-chlorobenzoyl chloride (2.45g, 
14mmol), in the general procedure (p.223), gave 1,3-bis-(4-
chlorobenzoyl)-2-cyano-2,3-dihydrobenzimidazole (83e) as colourless 
needles after recrystallization from ethanol (1.98g, 67%), m.p. 176-
1780C. The m.p. and infrared spectrum were identical to those of a 
previously prepared sample of (83e) (p.161). 
1-Benzoylbenzirnidazole (70, R=Ph) 
Use of benzimidazole (0.83g, 7mmol), potassium cyanide (0.45g, 
7mmol), TBAB (0.23g, 0.7mmol) and benzoyl chloride {1.96g, 14mmol), 
in the general procedure (p.223), gave 1-benzoylbenzimidazole as 
colourless needles after recrystallization from ethanol (1.08g, 
69%), m.p. 90-92°c {lit:,245 93°c). 
1,3-Dibenzoy1-2--cyan:>--2,3--ilihydr:obenzdazole {83d) 
i) Use of 1-benzoylbenzimidazole (0.8g, 3.60mmol), potassium 
cyanide (0.23g, 3.60 mmol), TBAB {0.12g, 0.36mml) and benzoyl 
chloride (0.50g, 3.60mmol) in the general procedure (p.223), 
gave the title compound (83d) as colourless needles in 61% 
yield, m.p. 131-133°C. The infrared spectrum was identical to 
that of a previously prepared sample of {83d) {p.161). 
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ii) Use of benzimidazole (0.73g, 7mmol), potassium cyanide (0.45g, 
7mmol), TBAB (0.46g, 1.4mmol) and benzoyl chloride (1.96g, 
14mmol) under reflux for 10 hours and stirred at room 
temperature overnight [in the general procedure (p.223)] gave 
the above Reissert compound, 1,3-dibenzoyl-2-cyano-2,3-
dihydrobenzimidazole (83d) in 57% yield, m.p. 132-134°C. 
2-Bemoyl.-1-cyarn-1,2-dihyd:roisoquiline [(6), R=Ph] 
use of isoquinoline (0.9g, 7mmol), potassium cyanide (0.45g, 7mmol), 
TBAB (0.23g, 0.7mmol) and benzoyl chloride (0.98g, 7mmol) in the 
· general procedure (p.223) gave 2-benzoyl-1-cyano-1,2-dihydroiso-
quinoline [(6), R=Ph] as colourless needles (1.25g, 69%), m.p. 123-
1250C (lit., le 125-126°C). 
1-Bemoyl. -2-cyarn-1, 2--d:ihydroqu:imline [ ( 4), R=Ph] 
Use of quinoline (0.9g, 7mmol) potassium cyanide (0.45g, 7mmol), 
TBAB (0.23g, 0.7mmol) and benzoyl chloride (0.98g, 7mmol) in the 
general procedure (p.223) gave 1-benzoyl-2-cyano-1,2-
dihydroquin:)line [(4), R=Ph] as colourless rh:Jmbs (1.2lg, 67%), m.p. 
153-155°c (lit., le 154-156°c). 
Repeating the above experiment with sodium cyanide {7mmol) in place 
of potassium cyanide gave (4, R=Ph) in 68% yield. 
2-BemDyl-1-cyarx>-1,2-d:ilJydrqirt:hazine ( 30) 
Use of phthalazine (0.9lg, 7mmol), potassium cyanide (0.45g, 7mmol), 
TBAB (0.46g, 1.46mmol) and benzoyl chloride (0.98, 7mmol) under 
reflux for 4 hours gave l-benzoyl.-l-cyano-1,2-dihydrophtha1azine 
(30) as pale yellow needles (0.86g, 47%), m.p. 161-163°c (lit.,37 
163-164°C). 
3-Bemoyl-2-cyarx>-2,3-d:ihydrobenzotle [ ( 86), R=Ph] 
Use of benzothiazole (l.Og, 7.4mmol), potassium cyanide (0.48g, 
7.4mmol), TAB (0.49, 1.48mmol) and benzoyl chloride (l.Og, 7.4mmol) 
under reflux for 10 h::rurs and stirred at room temperature overnight 
gave the crude product [(86), R=Ph] as a yellow oil. T.l.c. analysis 
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revealed two spots, which were separated by flash column 
chromatography [30 mm diameter, using a 20:80 mixture of ethyl 
acetate and petroleum ether (b.p. 40-60°C) to give the Reissert 
compound, 3-benzoyl-2-cyano-2,3-dihydrophthalazine [(86), R=Ph] as 
pale yellow crystals after recrystallization from ethyl acetate 
(0.24g, 12%), m.p. 139-141°C (lit., 6 140-141°C) and recovered 
benzothiazole (61%), b.p. 8gOC/5 mmHg (lit., 244 119-2o0C/25 mmHg). 
Repeating the above experiment with TDA-1 (0.46g, 1.48mmol) in place 
of.TBAB gave [(86), R=Ph] in 10% yield. 
2-Qlan:>-2,3--dihydro-3-neth:lxycartx:nylben=thlazole [ ( 86), R~] 
Use of benzothiazole (l.Og, 7.4mmol), potassium cyanide (0.48g, 
7.4mmol), TBAB (0.49g, 1.48mmol) and methyl chloroformate (0.69g, 
7.4mmol) under reflux for 10 hours and stirred at room temperature 
overnight gave the crude product as a yellow oil. The two spots 
indicated by t.l.c. were separated by oolumn chromatography using a 
30:70 mixture of ethyl acetate and petroleum ether (b.p. 60-80°c). 
The Reissert oompound, 2-cyaro-2,3-dihydro-3-methoxycarbonylbenzo-
thiazole [(86), R=MeO] was isolated as colourless needles (0.1g, 
6%), m.p. 98-100°C (lit., 38b 101-102°C) together with recovered 
benzothiazole (69%). 
Repeating the above experiment with TDA-1 (0.46g, 1.48mmol) in the 
place of TBAB gave [(86), R=MeO] in 5% yield. 
PARI' [B]: USE OF ULTRASOUND IN SOLID/LIQUID PHASE TRANSFER 
PROCESSES 
General Procedure 
An ''Ultra Tech" ultrasonic cleaning bath was used (model N::>. 175 and 
manufactured by Langford Engineering Company). The bath produced a 
pulse power of 100 VA, and was 1.75 litre in capacity. A pulse 
power (ea. 50-55kHz) was generated with no mechanical stirring 
involved. 
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A three-necked round bottomed flask <XIO.taining a suspension of the 
heterocycle (lmol), potassium cyanide (Analar grade) (lmol) in 
dichloromethane (25 ml) and the acid chloride was placed in the 
ultrasound bath filled with water and sonicated at room temperature 
in the presence and absence of the phase transfer catalyst. A 
drying tube and reflux condenser was also attached. 
The temperature of the water in the ultrasound bath was observed to 
rise to 25-28°C and the cloudy suspension became more clearer. After 
sonication, .the suspension was added to water and extracted with 
dichloromethane. The organic layer was then washed with water, 5% 
hydrochloric acid, water 5% sodium hydroxide and water. The organic 
layer was dried over magnesium sulphate, filtered and evaporated 
under reduced pressure to give the residue. Purification was by 
recrystallization from the appropriate solvent to give the pure 
Reissert compound. 
2-Benzoyl-1--cyarn-1,2-dihydr:oisoquil.ine [(6), R:Ph] 
A well stirred suspension of isoquinoline (0.9g, 7mmol), potassium 
cyanide (0.45g, 7mmol), and benzoyl chloride (0.98g, 7mmol) was 
sonicated for 3 hours. A slight rise in temperature to 28°C was 
observed over the period of reaction. The suspension w~ then added 
to water (30ml) and worked-up as described in the general procedure 
(p.226). Recrystallization of the crude product from etharx:>l gave 2-
benzoyl-1--cyalX)-1,2-dihydroisoquinoline [(6), R:Ph] as colourless 
needles (1.15g, 62%), m.p. 123-125°C (lit.,lc 125-126°C). • 
Repeat of the above procedure in the presence of the phase transfer 
catalyst tetrabutylammonium bromide (TBAB) (0.23g, 0.7mmol) gave 
[( 6), R=Ph] in 65% yield, m.p. 123-125°c. 
With acetonitrile used in place of dichloromethane as solvent, the 
experiment, with sonication in the presence of TBAB, gave 2-benzoyl-
1-cyaoo-1,2-dihydroisoquinoline [(6), R=Ph] in 67% yield. 
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2--cyarn-1,3-bis-(etllaxycartxnyl)-2,3-dlliydrobenz:idazole (83b) 
A well stirred suspension of benzimidazole (0.83g, 7mmol), potassium 
cyanide (0.45g, 7mmol), and ethyl chloroformate (1.5g, 14mmol) was 
sonicated for 3 oours. - A small increase in temperature was observed 
to 2~C. 'l11e suspension was then dissolved in water and worked-up as 
described in the general procedure (p.226). Recrystallization of 
the crude product from ethanol gave 2-cyano-1,3-bis-
(ethoxycarbonyl)-2,3-dihydrobenzimidazole (83b) as colourless 
needles (1.6lg, 77%), m.p. 117-119°C (lit., 126 117-119°C). 
Repeat of the above procedure in the presence of tetrabutylammonium 
bromide (0.23g, 0.7mmol) gave (83b) in 81% yield, m.p. 117-119°C. 
2-cyarn-2,3--dihyd:ro-3-metllaxycartxnylbenzot:hi.azole [(86), R:MeO] 
A well sti=ed suspension of benzothiazole (l.09g, 7.4mmol), 
potassium cyanide (0.48g, 7.4mmol) and methyl chloroformate (0.69g, 
7.4mmol) was sonicated for 8 h:>urs. A small increase in temperature 
was observed to 28°C during the period of the reaction. The 
suspension was then stirred at room temperature wi trout sonication 
for a further 14 hours. Work-up of the suspension, as described in 
the general procedure (p.226), gave a yellow oil, which was 
triturated and subsequently recrystallized from ethyJ. acetate to 
give [(86), R:MeO] as pale yellow needles (0.14g, 8%), m.p. 99-101°C 
(lit., 38b 101-102°C). Benzothiazole (64%) was also recovered. 
Repeat of the above procedure in the presence of the phase transfer 
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yield. 
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Rcissert analogs have been formed in high yields from benzimidazole using trimethyl.silyl cyanide and 
chloroformates. A rctro-Reissert reaction can be effected on the products, their carbon-2 alkyla!ed deriva· 
tives and benzothiazole analogs, by treatment with hexanoic or benzoic acids. 
J Heterocyclic Chem., 24, 1349 (1987). 
We recently reported the first syntheses of Reissert corn· 
pounds from five-membered ring heterocycles benzothia-
zole and benzoxazole (2J. The method made use of tri-
methylsilyl cyanide as the source of cyanide in a single 
phase system. We have now applied the same approach to 
benzimidazole. Use of phenyl chloroformate as the acid 
chloride gave 2·cyano-2,3-dihydro·1,3-bis(phenoxycarbo-
nyl)benzimidazole (la) in 90% yield, and ethyl chlorofor-
mate gave analog lb similarly. The proton at carbon-2, 
which appears at o 6.40 ppm in the nmr spectrum of Ih, 
can be removed by use of lithium diisopropylamide.Alkyla-
tion of the anion of lh with methyl or ethyl iodide gave 
analogs le and Id in good yield. Alkylation of benzothia-
zole Reissert analog le with methyl iodide gave If in 85% 
yield. 
3 
Scheme 2 
4 
1349 
The conventional method to regenerate the fully aro-
matic heterocycle from a Reissert compound involves hy-
drolysis with potassium hydroxide in aqueous ethanol 
(Scheme 1) [3J. Treatment of 2-cyano-2,3-dihydro-3-meth-
oxycarbonylbenzothiazole (le) in this way, however, result-
ed in ring opening and the isolation of 2-arninobenzene-
thiol. We therefore examined the procedure of Tsizin and 
eo-workers [4] who observed that when 2-ethoxycarbonyl-
1,2-dihydroisoquinaldonitrile (3) or 1-ethoxycarbonyl-1,2· 
dihydroquinaldonitrile were heated with an equimolar 
quantity of hexanoic, cyclohexanecarboxylic or benzoic 
acid a retro·Reissert reaction occurs, giving isoquinoHne 
or quinoline respectively, together with the ethyl ester of 
the acid used, hydrogen cyanide and carbon dioxide. The 
process is a transesterification and a possible mechanism 
is outlined (Scheme 2). If attack occurs at the carbonyl of 
the substrate 3 leading to the mixed anhydride 4, alcoholy-
sis would then lead to the products observed [SJ. 
The Russian workers [4! did not report application of 
their method to alkylated Reissert compounds. We found 
that use of this procedure with Reissert analogs la, b, e 
and alkylated derivatives le, d, f, Scheme 3, efected the 
retro-Reissert reaction, giving the aromatic heterocycles 2 
in isolated yields of 40-59%. The method therefore offers 
and improvement over yields give by the base hydrolysis 
route in some cases (See Table). 
Scheme 3 
eo R~ 
I ' 
(:eN R' (t" X )-"' X CN 
1 2 
X A' R' X R' 
Scheme 1 " NCOzA2 H 
Ph 2• NH H 
1b NCOzR 2 H CzHs 2b NH CH, 
" 
NC02R2 CH, C2H5 2o NH C2H5 
1d NC02R2 C2H$ C2H5 2d s H 
,, s H CH, 2• s CH, 
11 s CH, CH, 
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Table 
Preparation of Compounds 2a·e 
Substrate R3C0 2H (2 equivalents} [aJ Product Yield % [b[ Dp or Mp°C !cl 
la PhCO)! 2a 43 (37)[dl 178·179 
lh n-C5 H11C02 11 2n 40 (35)[d\ 178·179 
!h PhC0 2H 2n 45 177·179 
le n-C5H 11C02H 2h 40 (42) [d[ !68·170 
le PhC0 2H 2h 50 168-170 
Id PhC02H 2e 40 (45) [d] 171-173 
le n·CsH 11COaH 2d 53 [e](O) [~ 90/5 mm Hg 
le (CH2) 5CHC02H 2d 39 [g] 90/5 mm Hg 
le PhC02H 2d 35 [h] 9015 mm Hg 
If n-C$H 11CO~H 2e 59 (35) 9515 mm Hg 
(aJ Use of J equivalent of the acid gave inferior yields. fbJ Values in parenthesis give precentage yields o£2 on hydrolysis of 1 with 15% potassium 
hydroxide/aqueous ethanol, reOux, 2 hours. [c] All products identical with commercial samples. [d) Base hydrolysis procedure carried out at room 
temperature, 10 hours. [e]79% Based on recovered starting material. (£] o-Aminobenzenethiol (70%) isolated. [g] 70% Based on recovered start-
ing material. [h] 50% Based on recovered starting material. 
EXPERIMENTAL 
All melting points were determined on a Kofler hot-stage apparatus 
and are uncorrected. Infrared spectra were recorded on a Perkin-Elmer 
177 grating spectrometer. Proton magnetic resonance spectra were de· 
termined with a Perkin·Elmer R32 instrument (90 MHz) or a Varian 
EM360A spectromeler (60 MHz). Microanalyses were determined by the 
Microanalytica\ Laboratory, University of Manchester. Column chro-
matography was carried out by the flash chromatography technique with 
Merck silica gel 60 for column chromatography (0.040-0.63 mm mesh). 
Preparation of 2-Cyano-2,3-dihydro-1,3-bis(phenoxycarbonyl)beniimida· 
zole (la). 
To a mixture o£ 0.83 g (7 mmoles) o£ benzimidazole stirred with 0.87 
ml (7 mmoles) of trimethylsilyl cyanide and a catalytic amount (O.OS g) of 
aluminium chloride in 40 m! of anhydrous methylene chloride was added 
2.18 g (14 mmoles) of phenyl chloroformate in 15 ml of methylene 
chloride over a period o£ 30 minutes. After an additional48 hours of stir· 
ring, the solution was washed with water, 10% hydrochloric acid, 10% 
sodium hydroxide and water. The organic layer was dried over anhydrous 
magnesium sulphate. Concentration of the methylene chloride gave, 
after recrystallization from ethanol, 2.45 g (90%) of la, mp 130-132°; ir 
(potassium bromide): 1735 (C=O), 1600 (C=C) cm" 1; pmr (deuterio· 
ohlo.ofo•m~ o 7.92·7.00 (m, 14H), 6.95 (• IH, C-2). 
Anal. Calcd. for C22HuN 30 4: C, 68.6; H,3.9; N, 10.9. Found: C,68.8; H, 
3.9; N, 10.9. 
Preparation of other Reissert Analogs. 
Using the procedure described above for the preparation of la, the 
compounds lb and le were prepared. 
2-Cy ano-1,3· bis( e thoxycarbon y\}2,3-d ih ydro benzimidazole (lb ). 
This compound 2-cyano-1,3-bis(ethoxycarbony\}2,3-dihydrobenzimid· 
azole (lh) was obtained in 90% yield, mp 117-119°; ir (potassium bro-
mide): 1710 (C:::O), 1600 (C=C) cm· 1; pmr (deuteriochforoform): 0 
7.65-6.65 (m. 4H~ 6.40 (,,Ill, C·2), 4.35 (2 X q, 4H), 1.35 (2 X t, 6H). 
Anal. Calcd. forCHH11N,04: C, 58.1; H, 5.2; N, )4,5. Found: C, 58.25; 
H, 5.3; N, 14.4. 
2-Cyano-2.,3-dibydro-3-metho•yc.ubonylbenzothiazole (le}. 
This compound 2-cyano-.2.,3-dihydTo-3-methoxycarbonylbenzothiazole 
(le) was obtained in 78% yield, mp 101·102° from ethyl acetate; ir (potas-
sium bromide): 2225 (C = N) 1735 {C == 0) cm" 1; pmr (deuteriochloro· 
fo•m); o 7.35-7.15 (m, 4H), 6.43 (,, !H, C·2), 3.95 (,, 3H). 
Anal. Ca\cd. for C10H1N20 2S: C, 54.5; H, 3.7i N, 12.7. Found: C, 54.5; 
H, 3.7; N, 12.65. 
Alkylation of lb. 
To a well stirred solution of 2 ml (14 mmofes) of anhydrous diisopro· 
pylamine and 6 ml (14 mmoles) of 15% n-butyl\ithium in hexane at 
-78°, under a nitrogen atmosphere was added 1.06 g (3.66 mmo!es) of 
lb and 2.52 g (18 mmoles) of methyl iodide in 20 ml of anhydrous tetra-
hydrofuran. The stirred mixture was maintained at -78° for 1 hour and 
for an additional 24 hours at room temperature. The mixture was poured 
onto 500 g of crushed ice-water to give 0.71 g (63%) of 2-cyano-1,3-bis· 
(ethoxycarabony!}2,3-dihydro-2·methylbenzimidazole (le). Recrystalliza· 
tion from ethyl acetate gave needles, mp 86-88°; ir (potassium bromide): 
1712 cm·• (C = 0); pmr (deuteriochloroform): 0 7.67-6.66 (m, 4H), 4.35 (2 
X q, 4H), 2.3 (,, 3H), 1.35 (2 X t, 611). 
Anal. Calcd. for C15H 17N,04: C, 53.4; H, 5.65; N, 13.9. Found: C, 53.5; 
H, 5.6; N, 13.9. 
2-Cyano·l ,3-b is{ e thoxycarbon yl}2·ethyl-2,3-di hydrobenzim idazole (1 d). 
This compound was obtained by a similar procedure using ethyl 
iodide, 60% yield, mp 78-80° from ethanoL 
Anal. Ca!cd. for CH,H 1,N,04: C, 60.55; H, 6.0; N, 13.2. Found: C, 60.7; 
H, 6.25; N, 13.2. 
Alkylation of le. 
To a well stirred solution of l.1 g (5 mmoles) of le and 2.8 g (20 
mmoles) of methyl iodide in 20 ml of anhydrous dimethylformamide at 
0°, under a nitrogen atmosphere, was added 0.28 g (6 mmoles) of 50% 
sodium hydride in oil. The mixture was stirred at 0° for l hour and addi· 
tiona\24 hours at room temperature. The mixture was poured onto 50 g 
of ice-water, and the oil observed was extracted with dichloromethane (2 
X 50 ml~ The organic layer was washed thoroughly with water before 
drying over anhydrous magnesium sulphate. Evaporation of the solvent 
in vacuo gave an oil which was subjected to column chromatography us· 
ing silica gel as an absorbent, an 15% ethyl acetatefpetroleum ether 
(40160) as eluent. 2-Cyano-2,3-dihydro-3-methoxycarbonyl-2-methylbenzo· 
thiazole (1(} was obtained in 85% yield, mp 63-65°; ir (potassium bro· 
mide~ 2248 (C;eN), 1728 (C=O) cm·'; pmr (deuteriochloroform~ 0 
Scpt-Oct 1987 Rcissert Analogs from Benzimidazole 1351 
7.95-7.10 (m, 41!), 4.02 (,, 3H, OCH,), 2.25 (,, 3H, CH,). 
Anal. Calcd. for C 11 H 10N~0 2S: C, 56.4; H, 4.3; N, 12.0. Found: C, 56.65; 
H, 4.3; N, 1!.9. 
Conversion of Reissert Analogs (la-f) 10 Aromatic Heterocydes 2a·e. 
A mixture of 2.7 mmoles of the Reissert analog 1 and 5.4 mmo/es of 
the acid {hexanoic, eyclohexanecarboxylic or benzoic · see Table) was 
heated at an oil bath temperature of l30-l40° for 4 hours. The reaction 
mass was dissolved in 30 ml of chloroform and washed with 50 m! of 20% 
sodium hydroxide. The cflforoform was extracted with 50 ml of 50% hy· 
drochloric acid and this acid layer was subsequently neutralised with so-
dium hydroxide solution. The neutralised solution was extracted with 2 
X 50 ml of chloroform and dried over anhydrous magnesium sulphate. 
Concentration of the solvent gave the aromatic hctcrocyc/e 2. The results 
of this conversion are summarized in the Table. 
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The normal method for the preparation of Reissert comp·ounds, e.g. (2) involves the use of an acid chloride, inorganic cyanide 
and the heterocyclein a two-phase medium i.e. CH2C1 2/H2o. 
-R 
~0 ~~-~-R 
H CN 
/ 
(>) 
The Reissert method thus allows functionalisation of the c~N bond of the 6-membered heterocycle. Under similar two~phase 
reaction conditions, 5-ffiembered ring heterocycles of structure (3) undergo ring opening due to preferential attack HO-, and 
probable involvement of the t-1-acyl pseudo-base, e.g. (5). 
rn--N~ 
~N H 
Cr> 
(3) X= NH, O,S 
PhCOCI /KCN 
CH1CI2 / H20 O NHCOP/1 XCOPh 
( 4) 
(r TOPh Nx~ -N;/ 0 -H""'-
1 -
(s) COPh OH 
O NHCOPn ---7" NHCOPn (•) 
The idiosyncratic chemical reactivity of the more unconventional Reissert substrates therefore presented a challenge to the 
development of new procedures to achieve Reissert compound formation, 
l. 
A brief study by S. Ruchirawat et al {Heterocycles 1977, ~. 43) showed that Me 3SiCN could be used as the cyanating agent in a 
5 ingle, non-aqueous phase sys tern to form an i soqui nQ 1 i ne Rei ssert compound ( 2) 
00 N Me,s;cN I RCOCI 
This suggested to us that Me 3SiCN under non-aqueous conditions might provide access to formation of Reissert compounds from 
appropriate 5-membered ring heterocycles, where the reaction had failed previously, Once prepared, such Reissert compounds 
would provide a new and potentially versatile means of extending the chemistry of the 5-membered ring systems. 
We now report a series of Reissert compounds synthesised from various 5-membered ring heterocycles using Me
3
SiCN in a single, 
non~aqueous phase sys tern. 
From benzothiazole 
R· Yield/% mpt/°C IR(KBr) > C=O C·2H 
v maxjcm·l 6/ppm 
Summary of Results 
4-MeC6H4_ 87 158-160 1663 6.30 
4-N02C6H4_ 94 191-193 1675 6.30 
4-C1C6H4_ 85 115-118 1660 6.42 
4-C1 (CH2)3- 84 104-105 1670 6.42 
MeO- 78 1 OI-l 02 1735 6.43 
2C1 CH2-C6H4- 73 188-190 1665 6.43 
C6H5- 44 140-141 1655 6.40 
4-CH30C6H4- 19 122·123. 1675 6.41 
Studies are also in hand to compare the use of t-BuMe2SiCN as an alternative cyanating agent to Me3SiCN. 
Some Chemistry of Rei ssert Compounds from Benzothi azo 1 e 
On generation of the conjugate base (9), a variety of synthetic schemes can be carried out. 
COR 
f1-r-~xH 
~S CN 
( 8) 
NaH/OMF 
0"C/N2 
3. 
Intermolecular alkylation followed by base hydrolysis gives an overall route to 2- substituted benzothiaZoles, albeit in only 
modest yie1ds. 
R'X 
( 9) 
R 
4-Cl C6H4-
CH30-
Vie 1 d/% 
55 
63 
Intramolecular alkylation gives access to novel tri- and tetra-cyclic systems. 
NaH/DMF 
o"cjN, ~q ----7 ~S CN ;;;'t 
r-0 ~NXH CH,CI 
~S CN 
NaH / DMF 
----~ 
o·c 1 N, 
~N 
~s 
R' 
Me-
PhCH2 
Yield/% 
30 
23 
cx9'""·· 
11 
max 2230 cm~ 1 (!2) 88 ·r. mpt 92· 93"C 
CN lfmax 2220 cm-1 
2. 
From Indazole 
Under two-phase conditions, i.e. CH 2C1 2;H2o, acylation occurs at position 1, but no Reissert compound is given. 
But with Me 3SiCN in a single phase system:-
(Jc;H ea Ss.2 RCOCI/cH,CI,--7 N KCN I H,O I 
I 
( 15) o<"CR R: alkyl. \Jmax 112ocm-1 
aryl:' V max 1695 cm·1 
OJ cDCN Me3SiCN / RCOCI R- Yield/% N-COR N CH2Cll I A!Cil 
(") H 
Use of N-alkylated indazole as starting heterocycle:-
M• I 
KOHjMeOH 
"' 
Some Chemistry of the indazole Reissert Compounds 
' I 
( 10 ) COR 
H ( 7·86 
cc N-Me ~ 4·2 I 
(.e) 34 1· 
45-47"C 
H..,--. I 
N-e oR 
4-Cl (CH2)3- 66 
2-ClCH2C6H4 40 
W CN 0610-Sgs I 11 V ~J 0 max 1730-1720 cm 
.,e (tg) & 3·23- 3.20 
R-
l~e-
Et-
Ph-
vmax/cm -l 
c~o c,tl 
171 5 2230 
1685 2220 
Yield/% 
57 
17 
32 
-coMe NaH/DM'F 7" -:::::"" I -N-COMe COH N cC 11 o'cjN, ""'- NI 11 KOH aqEtOH ~N ~~I I 0 1 0 
Me (2o) Me I ( 22 ) Me 
4. 
C-3 H 
'ippm 
8.12 
8.22 
mpt/°C 
141-143 
118-120 
114-117 
5. 
R- Yield/% R- ~ 
From 2-methylindazole:- Benzologous Reissert compound formation 
cc N-Me I MelSiCN/RCOCI CH2CI 2 /AIC11 
Me- 56 
PhCH1- 89 
R-
McO-
EtO-
Ph-
Me- 15 
PhCH1- 13 
H ()jCN  Me 
I 
I 
(23) c?CR 
mpt/°C 
vmaxjcm- 1 
Yield/% c~o C'N 
38 138-140 1705 1116 
48 101-101 1700 1250 
B 134-135 1650 1150 
Compounds (23)are the first examples of benzologous Reissert compounds and their chemistry is currently under study. 
6/ppm 
C-3H 
5.02 
5.0 
4.85 
The nitrile absorption in the i.r. is of medium intensity whereas it is often unobservable in conventional Reissert compounds. 
6. 
Benzimidazole 
The 1ability of acylimidazoles(24) to a range of nucleophiles (amines, alkoxides, hydride, carbanions) was observed and exploited 
by H.A. Staab (Angew. Chem. Int. Ed., 1962, .!_, 351) and others, as a route to amides, esters, aldehydes and ketones. 
e. g. (J ~Et<) Na•/ Et OH 9-CR 0 
(24) 
+ (~ 
N 
H 
It was therefore anticipated that acyl transfer processes may prove competitive with attempted Reissert compound formation in 
the imidazole or benzimidazole series. 
We have observed, however that benzimidazoles (25) or N-acylbenzimidazoles (26) are converted into Reissert compounds of type {28) 
in high yields at room temperature - the first examples in this series. 
0 
(Xt·~-CI. Me,s;CN 7 j. CH,el,, Aiel, 
H 
R (28) 
p-MeO c6H4-
p-C1 c6H4-
p-No2c6K4-
CH3o-
C1H50-
c6H5 0-
c6H5CH20-
Yi e 1 d/% mpt/°C 
72 171-173 
71 178-180 
72 132-134 
81 187-189 
90 117-119 
87 130-131 
82 85- 89 
0" 
.eR 
(X~~"'-------"> N ·eN 
I 
RCO 
C == 0 .... maxtcm- 1 C·2K 6/ppm 
1660 6.75 
1660 6.75 
1685 6.80 
1712 6.60 
1710 6,40 
1720 6.92 
1722 6.135 
However, with an N-alkylbenzimidazole (29) as substrate the Reissert reaction with aroyl chlorides is not observed, being 
superseded by an acyl transfer process to give the corresponding acyl cyanide {30). 
(XN""'- ,J ) ~CC!, Me 3SiCN 7 CH1 C12 , AlCIJ 
CH, 
H (30) 
Ar Yield/% mpt./°C lit mpt./°C 
\lmax/cm- 1 
C"O CoN 
pMe-C6H4 70 48-50 51-53 1675 2220 
pC1-c6H4 34 68-70 69-70 1670 2220 
C6K5 37 30-33 32-33 1660 2120 
7. 
With chloroformates (R'OCOCl, R' "'Me, Et, Ph) in place of aroyl chlorides, yet a further path~1ay was observed, the product 
being the 1-alkylbenzi rnidazole-2-carbonitrile (32). The mechanism is not known: a possibility is shown, but does not account 
for the yields obtained (31-52%). 
0> I 
R 
(R=Me,CH~Ph) 
AICI3 
I ~~~'? ~N CN 
I 
R 
Conjugate base _genet·~tion and~lation of benzimidazole Reisser_~con~ounds 
Use of lithium diisopropylarnide (LOA) in THF resulted in immediate generation of the coloured conjugate base (33) which was 
alkylated as shown to give {311). 
COR COR RCO er' er~ er~x;~ N H lOA ~\N R'X ~XcN IHF,- 78•C 
( 28 ) RCO ell) RCO ( 34 ) RCO 
(34) ( 34) 
R R' 
P-MeOC6H4 CH 3 
OC2H5 CIIJ 
OC2H5 cz 11s 
OC2H5 C6H5cu2 
Hydrolysis of the substituted Reisset·t compounds gave the corresponding 2-alkylbenzir.Jidazoles (35). 
15 ~;. KOH aq EtQH 
r. t. 
Benzimidazole-2-carbonitrile formation by PC1 5 cleavage of (28) 
erN N H 
(35) 
(35) 
R' 
CJ/3-
c2H5-
C6H5CH2 
}-R' 
Yield/% 
42 
45 
44 
Yield/~ mpt/°C 
65 91-94 
65 87-89 
60 78-80 
62 125-127 
mpt/0~ Lit.mpt./°C 
169-171 176-177 
167-169 172-174 
168-170 174-176 
9. 
s. 
Oxidative cleavage of isoquinoline and quinoline Reissert compounds with PC1 5 to give the heteroarylcarbonitrile was first 
observed by Dand1iker et al (Ber., 1914, 46, 2924}. Application of the procedure to the Rei'ssert compounds (28), as a potential 
route to benzimidazole-2-carbonitrile (29) was successful but only in modest yields (34-39%). 
~~~CN 
~N H 
I 
( 28 ) COR 
Solid/liquid phase transfer catalysis 
us"c erN }-eN N H (29) 
The use of Me 3SiCN has enabled Reissert compound formation to be achieved with five-membered ring heterocycles, previously not 
possible by the conventional two-phase procedure. However, 1~ith the recent advent of interest in so1id/~_iquid phase transfer 
catalysis we are currently looking at the use of a s.ingle •. liquid phase system· with solid NaCN or KCN tr<insferred into solution 
by the catalytic presence of the tetrabutylammonium bromide (TBAB) or tris(2(2-methoxyethoxy}ethyl]amine (TDA-1). 
e.g. erN~ N H . ROCOCI, NaCN DME or CH2CI2, TBAB 
(R•Me,EI) 

